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’ I N T R O D T J C T I O N .
SCOPE OF WORK.
The study of the paleontology and stratigraphy of 
the Devonian system in Rock Island County, I l l in o is ,  is  but 
one part of the work being done throughout the various sections 
o f the state, under the general d irection of the I l l in o is  
Geological Survey. The purpose of this work is  to determine 
the stratigraphy of the rock formations, their fo s s i l  fauna and 
f lo ra ,  and to correlate, in the closest manner possible, the 
formations in the state with those of other areas. This par­
ticu lar study is an attempt to correlate the Devonian strata 
exposed in  Rock Island County, with those of other parts of 
this state, and adjacent states, and to give as complete an ac­
count as possible of the succession and ve rt ica l range of the 
- oss ils  contained within them. I t  w i l l  also embody a descrip­
tion and discussion of the lower brecciated portion of these 
strata.
LOCATION AND AREA.
The d istribution  of the Devonian rocks of Northwestern 
I l l in o is  is confined to a comparatively small area along the 
Mississippi and Rock Rivers in Rock Island County, and to a 
smaller area in the western part of Henry County. The western 
lim it of these rocks in  this part of I l l in o is  is marked by an 
outcrop of limestone d irec t ly  across the Mississippi River from 
Montpelier, Iowa. From this point eastward, exposures of Devo-

2nian strata occur in t ie  beds and banks of the streams, for a 
maximum distance of f iv e  miles from their confluence with the 
Mississippi and Rock Rivers, as far east as Green River, tribu­
tary to Rock River, and north to a point on the east bank of the 
Mississippi River opposite the upper end of Campbell's Island.
Thus, the area in which the Devonian rocks in  this 
section of the state are exposed, is decidedly limited, not 
extending over so large a terr ito ry  as was formerly believed, 
ke 1 borings show that beyond the narrow lim its of this area, 
the Hamilton rocks, buried to a considerable depth beneath the 
Pleistocene and Pennsylvanian sediments, extend eastward as far 
as Bureau County.
This area of Devonian exposures is a l l  included with­
in the drainage basins of the Mississippi and Rock r ivers . I t  
is where the waters of their tributaries have cut through the 
1 ltJ fs which oorder the flood—plains of these two larger r ivers 
o-.at t e Devonian strata are best exposed. The overlying Penn­
sylvanian rocks, which were not wholly eroded previous to the 
reposition  of t e g lac ia l d r i f t ,  are likewise exposed in  these 
sections. The Devonian limestones and Pennsylvanian shales, 
sandstones, and coal seams, with their Pleistocene covering of 
loess and g la c ia l d r i f t ,  are the only formations exposed in  this 
area, though the Silurian limestones outcrop only a short d is­
tance 'arther north.
3EARLIER GEOLOGICAL WORK.
The geo log ica l work which has been done in  Rock Island 
County is of very general nature.
In 1866, Worthsn^, who was then Director of the Geo­
lo g ica l Survey of I l l in o is ,  discu.ssed the distribution of the 
Devonian system in  the state, dividing the formation into three 
separate members distinguished by fo ss i ls  and l i th o log ica l char­
acters. He described quite carefu lly  the character of the fo r ­
mations and the fo s s i ls  they contain. In the same year, he and 
Meek- again alluded to this region when giving the lo ca lity  in 
which Polypora hamiltonensis was found.
In 1868, Worthsn and Meek3 referred frequently to the 
Devonian strata of Rock Island County when stating the lo ca l ity  
from which they obtained certain fo s s i ls  of the Hamilton group.
Worthen and Shaw4 gave considerable attention to the 
Devonian rocks and accompanying fo ss ils  of Rock Island County 
in their report upon its  geology in 1873. I t  is in no wise a 
detaned report, but i t  is the most comprehensive description 
given up to that time. I t  discusses in a general way the geo­
logy and physiography of the county, devoting considerable at-
(1) Worthen, A. H., Geol. Survey of I l l in o is ,  vol. 1.
1866, pp. 120- 122.
(2) Worthen, A. H., and Meek, F. B., Geol. Survey I l l in o is  
vo l. I I ,  1866, pp. 423.
(3) Worthen, A. H., and Meek, F. B., Geol. Survey I l l in o is  
vo l. I l l ,  1868, pp. 419-449.
(4) Worthen, A. H., and Shaw, James, Geol. Survey I l l in o is ,  
vol. V, 1873, pp. 217-234.
4tention to the economic p oss ib i l it ie s  of the mineral resources.
From this time, no further work was done in Rock Is ­
land County until 1895. At this time, Uclden1 published a sec­
tion across the northern portion of I l l in o is ,  in which he gave 
several columnar sections showing the geological structure in 
Rock Island County. He described, in  a general way, the s t ra t i ­
graphy of the area in the course of his discussion.
In 1896, Udden2 gave a very b r ie f description of the 
section of Devonian rocks exposed in  the v ic in ity  of Rock Is­
land, I l l in o is ,  with a statement of the nature of i t s  f ish  re­
mains .
Leverett3, in his important work, "The I l l in o is  Glacial 
Lobe", published in  1899, described in a general way the g lac ia ­
tion  and drainage in  this region, and gave a number of records 
of well-borings to i l lu s tra te  the depth and character of the 
d r i f t .  Since Leverett 's  report, nothing had been done in  the 
geology of Rock Island County before the present work was under­
taken under the direction of T. E. Savage.
(1) Udden, J. A., Report I l l in o is  Board of World's Fair 
Commissioners, 1893, pp. 117-177.
(2) Udden, J. A., Jour. Cincinnati Soc. Hat. Hist. vol. XIX
1896, pp. 93-94. ‘ *
l3) " Ihe 51Unois 01a<=ial Lobe-; Mon._____b* Geol. Survey, vo l .  37, 1882.
5PHYSIOGRAPHY OF THE REGION. 
RELIEF.
The physiographic features of Rock Island County are 
considerably d ivers if ied . I t  is an area of moderate r e l i e f ,  
characterized by extensive p ra ir ies , wide, a l lu v ia l ,  r iver  
bottom-lands, abrupt scarps fronting upon the r iver  plains, 
and deep stream channels debouching upon the flood-plains of 
the Mississippi and Rock r ivers .
The portion of the county embraced in  this study is 
confined to a narrow belt which extends from these two rivers 
back into the highlands only a short distance. This narrow 
b e lt ,  then, is  made up of the flood-plains of these r ivers , and 
the b lu f f- l ik e  margins of the uplands. I t  is widest in  its  
central portion. At the west, a short distance west of 
Andalusia, the blu ffs approach the Mississippi River so close­
ly  that the flood-p la in  is quite cut out. At the east the 
Devonian exposures are res tr ic ted  to a small area bordering 
the tributaries of Rock River.
The flood-p la in  area is  low and f la t ,  gently sloping 
toward the r ivers , except adjacent to r iver  channels where the 
deposits, during times of high water, have built up a low ridge 
or natural levee. This low ridge obstructs the drainage to 
such an extent that comparatively large swamps and marshes have 
been formed behind i t .  Through these swamps, as in  the Kickapoo 
slough, the water flows sluggishly, except near the outlet where 
a steeper gradient has been developed.
6Here and there, low, sandy h i l ls  of variable size and 
character, r ise  above the flood-p la in . One of the most con­
spicuous of these l ie s  in  the N. 1/2 sec. 21, T. 17 N., R. 2 W. 
This h i l l  is e l l ip t i c a l  in  outline, almost a mile long, and one- 
half mile wide with i ts  major axis extending in  an east and west 
d irection. The core of this h i l l  consists of a remnant of un­
eroded Devonian limestone which rises several fe e t  above the 
flood-p lain . An abandoned quarry in the north slope of the h i l l  
reveals the limestone character of the foundation. Upon this 
axis of uneroded limestone, wind-blown sand and detritus have 
accumulated to a considerable depth.
The flood-p la in  of Rock River is flanked by low, ter­
race-like slopes which rise ten to twenty fee t above its  general 
le ve l and afford a gradual transition into the bluffs which rise  
back of them. Part of these apparent terraces have been formed 
by materials washed out upon the flood-p la in  by the streams which 
debouch upon i t ,  and some of them are shelves formed by the per­
sistence of some strata of the underlying rocks which have re­
sisted erosion more e f fe c t iv e ly  than lave those above them.
The uplands along the margin of which the streams have la id  bare 
the Devonian rocks, rises 80 to 100 fee t above the r ivers . I t  
is  precipitous in places, more gently sloping in  others, but 
everywhere rugged. I t  is  thoroughly dissected by the numerous 
streams tributary to the Rock and Mississippi r ivers . Locally 
i t  is heavily forested, but generally the orig ina l forest growth 
has been removed with consequent increased erosion.
7DRAINAGE.
The entire region belongs to the Mississippi r iver  
basin. A few of the smaller streams drain d irec t ly  into the 
master stream, but the most of them are tributary to Rock River, 
of which the flood-p la in  occupies the greater part of the area. 
The secondary tributaries which drain this area of Devonian ex­
posures flow northward. They are a l l  small streams, the largest 
being Mill Greek, Case Creek, and Fancy Creek. These smaller 
streams have rather steep gradients within the upland region, but 
are comparatively sluggish a fter they enter upon the flood-p la in  
across which the most of them flow for  a longer or shorter d is­
tance before discharging their water into their major stream.
SURF1CIAL MATERIALS.
The su r fic ia l materials in  this region vary greatly  
in  thickness. In the western portion of the Devonian area 
the country rock is barely covered, while on some of the h i l ls  
well-borings have penetrated a thickness of f i f t y  or more feet 
of superfic ia l material. This material is largely composed of 
d r i f t ,  which in  some places, is covered with a mantle of loess 
from 2 to 25 fee t in thickness.
This loess is  yellowish in  color and fine-grained, 
and in places stands in nearly v e r t ica l walls 10 to 20 fe e t  
high, where exposed along b lu ffs , and banks of streams. In 
many places i t  contains numerous shells of air-breathing gas­
tropods. Two excellent exposures of loess deposits are found
8in the N£. 1/4 NE. 1/4 sec. 36, T. 17 N., R. 2 1 . ,  and in the 
NW. 1/4 SE. 1/4 sec. 14, T. 17 N., R. 2 W. At the la tte r  lo ­
ca lity  , the Rock Island Brick Co. obtains i ts  raw materials 
for  the manufacture of brick.
The so i l  of the flood-plains is generally a ligh t 
sandy loam, except in  the low swampy areas where i t  becomes dark 
and heavy and more or less mucky. Over the upland, the so i l  
is a heavy clay, except where loess deposits give i t  a ligh ter 
character. Wherever the forests, which once extended over these 
uplands, are l e f t  standing, the s o i l  of the slopes and h ill- tops  
s t i l l  retains considerable humus; but where they have been re ­
moved, denudation has been unrestrained, and the surface consists 
of yellow clay that has suffered extensive leaching and erosion.
9STRATIGRAPHY.
POSITION OF STRATA.
The strata of the formations in  this area l i e  almost, 
though not quite, horizontal. A s ligh t general dip to the south­
west prevails. Small loca l folds occur, but nowhere is there 
evidence of any pronounced movement, unless the brecciated con­
d it ion  of the lower members of the Devonian may be so considered. 
The Devonian beds, like those above and below them, dip s l igh t ly  
and uniformly to the southwest. Minor anticlines and synclines 
of s ligh t ve r t ica l height occasionally traverse the strata, but 
they are few and unimportant.
VERTICAL EXTENT.
The oldest rocks exposed in  situ in  this region, belong 
to the Niagaran series of the Silurian system. Upon these, the 
limestones of the Hamilton stage of the Brian series l i e  uncon- 
formably, The Pennsylvanian beds,- P o ttsv il le  and Carbondale,- 
were deposited upon the unevenly eroded surface of the Devonian, 
the unconformity including the absence of the Upper Devonian, 
the entire Mississippian, and the lower portion of the Po ttsv i l le  
o f the Pennsylvanian.
THE SILURIAN SYSTEM.
The Silurian limestones upon which the Devonian beds 
unconformably rest are of the Lockport stage of the Niagaran.
10
They vary greatly  in  thickness.
Udden-*- states that the thickness of this series at 
Rock Island is 364 fee t ;  at Moline, 349 fee t ;  and at Carbon 
C l i f f ,  about f i f t e e n  miles southeast of Rock Island, 388 fe e t .  
He describes i t  as being yellowish and hard; in  i ts  upper part, 
where exposed along the Mississippi and Rock r ivers , "rendered 
somewhat porous by the removal of imbedded corals and stems of 
crinoids, the empty moulds of which remain", while the lower 
members consist of a "bluish-white, compact, and evenly bedded 
limestone, which contains, especially in  the upper part, bands 
of gray and white chert".
Worthen0 refers to the Niagaran as being exposed to 
the south below Hampton, where i t  passes below outliers of the 
Pennsylvanian. This, Udden3 declares is a mistake, affirming 
that the strata there exposed are the lowest unfossiliferous 
layers of the Devonian, changed, by weathering, from the orig­
ina l bluish-white to a yellowish color resembling the Silurian.
Fresh fracture reveals the yellow color as merely 
superfic ia l. He' concedes that the lowest- strata seen farthest 
north at this Hampton exposure may be Niagaran.
(1) Udden, J. A., Report I l l in o is  Board World's Fair 
Commissioners, 1893, pp. 140.
(2) Worthen, A. H., Report Geol. Survey I l l in o is ,  
vo l. V, 1873, pp. 223.
(3) Udden, J. A., Report I l l in o is  Board World's Fair 
Commissioners, 1893, pp. 138.
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I f  this be so, he proceeds to state, the contact be­
tween the Silurian and the Devonian at this point i 3 the only one 
revealed in  the county. * The strata of both systems l ie  
apparently horizontal, and the position  of the strata gives not 
the s ligh test indication of unconformity. However, evidence 
of unconformity is found in broken pieces of chert in  the lime­
stone, which have a decided appearance of being transported 
fragments rather than concretions formed in  situ.
Since the entire Cayugan series of the Silurian, the 
lower Devonian, and the Ulsterian of the middle Devonian are 
absent, this evidence of unconformity is rather s ign ifican t.
The presence of the chert nodules would indicate that they had 
survived the rock decay that must have taken place on the land 
of this area, during the long time those absent formations were 
being la id  down elsewhere. The erosion interval must have been 
of considerable duration, affording su ffic ien t time for the 
dissolving and wearing away of a great thickness of limestone.
THE DEVONIAN SYSTEM.
There is no evidence that the lower series of the
Devonian were ever deposited in  this area. The limestones 
which comprise the formation here, are a l l  of the Hamilton stage, 
the fo ss ils  found being d is t in c tive ly  of this group. They were
* In a la ter le t te r  to Prof T. E. Savage, Udden declares 
his b e l ie f  that the Silurian does not outcrop at any place in 
Rock Island County.
Figure 1.
Large Cephalopod from Hamilton limestone 
near Rock Island. (1/3 natural s iz e . )
15
deposited upon the Niagaran surface that had been long exposed
Jl
to weathering, and over which a mantle of residual clay and chert 
material had been formed. This material represents the vestiges 
more res is tan t)and insoluble constituents, of the Niagaran strata, 
the most of which had been worn away before the deposition of 
the Devonian in  this region.
The thickness of the Devonian varies from the mini­
mum of 8 or 10 t’eet to the maximum of 100 fe e t .  The greatest 
thickness seen was in  the Cady quarries in  East Moline, and in 
the section exposed along Mill Creek.
These strata likewise vary l i th o lo g ic a l ly ,  though a l l  
of them are limestone, from re la t iv e ly  pure exceedingly fine 
grained, crysta lline layers to rather coarsely-crystalline shaly 
or sandy bands. Some strata are r ich ly  fo s s i l i fe ro u s . In the 
lower part they are generally devoid of fo s s i ls .  In  places the 
strata are massive; in  other horizons the layers are very thin. 
The character of the jointing varies greatly being oblique to 
the bedding in  some strata, quite perpendicular in others.
Some o f the lower massive strata are much brecciated, they show 
d istinct lamination planes in both matrix and imbedded fragments.
The top of the Devonian was a much dissected land- 
surface at the time of the deposition of overlying Pennsylvanian 
beds, the r e l i e f  of the old Devonian surface loca lly  exceeding 
50 fe e t .  The erosion valleys exposed in  cross section where 
the post-Pleistocene streams have cut across the erosion channels 
of the old Devonian land surface, are rather deep with steep 
walls o f horizontally bedded Devonian limestone.
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These furnish added evidence that no recent diastrophism has 
occurred in  this region. These erosion valleys are f i l l e d  with 
shales, sandstones, and coals of the Pennsylvanian. Their steep 
banks and the general r e l i e f  suggest that the old Devonian land 
surface was s t i l l  in  an active stage of erosion at the time the 
Pennsylvanian deposits were la id  down.
The unconformity between the Devonian and the Penn­
sylvanian is greater than that between the Silurian and the 
Devonian and, a3 has been shown, is more readily recognized in 
the f i e ld .  Upper Devonian, the entire Mississippian, and the 
lower portion of the P o ttsv i l le  strata are absent in this area. 
The d istribution of these formations in  neighboring lo ca l i t ie s  
indicates that a part of the upper Devonian and a portion of the 
Mississippian sediments may have been deposited over this region 
but had been subsequently worn away before the deposition of the 
Pennsylvanian strata.
THE PENNSYLVANIAN SYSTEM.
The Pennsylvanian deposit* of this area consist of 
the upper part of the P o t ts v i l le ,  and the lower part of the 
Carbondale formations, being represented by only a fraction  of 
the thickness i t  attains in  other parts of the state.
The thickness of the Pennsylvanian varies greatly .
In most places the strata are absent; but records of well-borings 
and coal shafts over the uplands show thickness there of nearly
15
or quite 100 fe e t .  The variation in thickness of these coal- 
measure deposits is doubtless due to pre-Pleistocene erosion 
which wore away great thicknesses of rock during the long in­
terval between the deposition of these strata, and the advance 
of the g lac iers . In some places, a l l  the Pennsylvanian and 
overlying rocks are eroded, and even part of the underlying 
formations. Outliers of the Pennsylvanian strata occur north 
of this area, far detached from any continuous deposit.
The Pennsylvanian strata consist of sandstone, shales, 
and coal seams. The sandstones are coarse, often iron stained, 
and in  most places massively bedded. The shales are usually 
f i s s i l e ,  generally black with carbonaceous matter, and loca lly  
contain much pyrite . The coal seams are nearly a l l  thin, though 
in a few separated lo c a l i t ie s ,  they are thick enough for  p ro f i t ­
able working.
PLEISTOCENE DEPOSITS.
The Pleistocene deposits covering these rock forma­
tions, consist of varying thicknesses of loess and d r i f t .  The 
la tte r  is probably nearly a l l  of I l l in o ia n  age. Some material 
from the Wisconsin ice sheet may have been washed into the r ive r  
valleys from the eastward. I t  is probable also, that scattered 
ridges of loess and sand, which occur in the eastern part of 
the area, may represent fragments of the Iowan d r i f t  border.
Figure 2.
Pleistocene loess deposit overlying Penn­
sylvanian shale between Milan and Rock Island. The 
c l i f f s  o f loess are th irty feet high. The holes 
that have been excavated in the loess by bank swallows 
are entrances to their nests.
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DESCRIPTION OF THE DEVONIAN STRATA.
DISTRIBUTION.
As has been already stated, the area in  which the 
Devonian rocks are exposed, is lim ited to a narrow belt lying 
along the margin of the highlands forming the bluffs which bound 
the floodplains of the Mississippi and Rock r ivers . I t  extends 
from a point on the east bank of the Mississippi, opposite 
Montpelier, Iowa, eastward a few miles from the mouth of Green 
River and north to a point opposite the upper end of Campbell's 
Island. The best exposures are those in  the small creeks tribu- 
tary to the Mississippi in  the v ic in ity  of Andalusia; M ill Creek 
and Case Creek east of Milan; the quarry, and excavation for the 
Sears Water Power Company's dam on Woodruff's Island, between 
Milan and Rock Island; and the Cady quarries in East Moline.
From these exposures, the entire section of the Devonian strata 
in this area may be constructed, and a very representative fauna 
showing the succession of the fo ss i ls  may be described.
DETAILED SECTIONS WITH FOSSIL LISTS.
Every exposure of the Devonian strata in this area 
was carefu lly  studied and examined in  order to divide the fo r­
mation into such members as can be readily distinguished by per­
sistent characters or by fo s s i ls ;  to determine the thickness 
and character of those members; to made a fu l l  co llec t ion  of the 
fo s s i ls  in each; and to correlate the strata with those of
18
Devonian age in other regions. The number of fo ss ils  co l le c t­
ed was rather large, making i t  possible to describe the faunules 
of each member, as well as the fauna of the whole formation, in 
some de ta il .
Figure 3.
Huge Gyroceras taken from the Hamilton lime­
stone of Rock Island County by David Sears, o f Sears, 
I l l in o is .  (1/3 natural s iz e . )
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THE CADY QUARRY SECTION.
In an exposure in  the Cady quarry in East Moline, 
(designated Ng), a v e r t ica l section of between 90 and 100 fee t of 
brecciated, non-fossiliferous limestone is revealed representing 
the lower portion o f the Devonian limestone in  Rock Island County. 
The exposure, which is accessible to careful examination and study, 
is  described in  the following section.
Feet In
Ngn. Loess and d r i f t ...................................  10
N.~m. Gray to yellow* soft, f i s s i l e  shale. 2
*  - f v
Npl. Dark,carbonaceous shale..................... 8
Ngk. Very hard, brown to red, iron-
stained limestone, containing many 
coralla of Phillipsastrea b i l l in g s i,  
and shells of Atrypa r e t ic u la r is . . .  3
Ngj. Light gray to brown, much brecciat­
ed limestone, in  layers 2 inches to 
3 fee t th ick.........................................  30
Ngi. Gray, brecciated, very irregu larly  
jointed limestone in imperfect 
layers, 4 inches to 3 fee t thick, 
with occasional chert nodules........  15
Hph. Hard, gray fine-grained, brecciated 
limestone, in  layers 2 inches to 
3 fee t thick, with conspicuous ver­
t ic a l  jo in ts ,  and occasional ribbon­
like veins of c a lc i t e ...........................30
Ngg. Narrow band of hard, chocolate-col­
ored, very fine-grained limestone, 
with crevices along, jo in ts and bed­
ding planes f i l l e d  with crystals of 
c a lc i t e .................................................  6
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Feet In
Ngf. Hard, dark gray, fine-grained lime­
stone, with crystals of ca lc ite  com­
mon along the jo in ts ..............................  3
Nge. Band of hard, almost black, coarse­
grained limestone.................................   1
Ngd. Soft, yellow, coarse-grained lime­
stone, containing a d istinct band of 
chert nodules near the middle.............  2 6
NgC. Soft, blue, sandy to shaly limestone
containing much c a lc i t e ........................  6
Ngb. Band of so ft ,  dark gray to dark brown 
fine-grained limestone, in  layers 
2 to 4 inches thick, and containing 
many ca lc ite  c rys ta ls ............................  1
Nga. Very hard, grayish brown, fine-grained 
brecciated limestone in  layers 4 in­
ches to 3 fe e t  thick. Lamination 
planes conspicuous in the lower por­
tion. To the bottom............................  15
In the foregoing section the shale members (Ngl. and 
N^m.) represent the Pennsylvanian system, while the limestone 
members (Nga. to Ngk, inc lus ive ), almost 100 fee t in v e r t ica l 
section, belong to the Devonian. Of the Devonian members exposed 
in  the quarry face, only the upper 10 fee t o f Ngj, and Ngk, may 
be seen anywhere else in  Rock Island County. These lower 
100 feet of Devonian strata are almost barren of fo s s i ls .  Their 
correlation  with the Devonian rocks in  other regions must be made 
on the basis of their l ith o lo g ica l character as revealed in  this 
one exposure. The most d is tinc tive  of these characters is the 
brecciation, which continues almost without break from the base 
to the top of the barren lower layers. This brecciation is  fu l ly  
described elsewhere in this paper.
Figure 4.
Exposure of the Devonian limestone between Milan 
and Rock Island. The dark band near the bottom is a 
thin layer of carbonaceous shale which separates the brec- 
ciated bed at its  base from the massive Phillipsastrea 
stratum above.
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OUTCROPS NEAR ROCK ISLAND AND MILAN.
A small exposure of the Atrypa re t icu lar is  zone occurs 
along the railway in  the edge of the cemetery a short distance 
west of Cady quarry. A thickness of 4 fee t is revealed here.
An outcrop of the Atrypa-crinoid zone having a thick­
ness of 6 fe e t ,  appears in the grounds of the Moline Wagon Co. 
in Moline.
The strata at these two points correspond with those 
of the uppermost member Ngk of the Devonian section in the Cady
r V
quarry section.
An exposure in a quarry just north of Milan, between 
Milan and Rock Island, where the Sears Water Power Co. is  ex­
cavating for  a power plantjShows the. following succession of beds 
given in the section marked Fj_ below.
Feet In.
F^f. Hard, gray, shalyg obliquely jointed
limestone, weathering into thin small
b i t s ...................................................................  10
F,e. Layer of gray, limestone, corresponding 
with E]_e and containing shells of 
Schizophoria s tr ia tu la .................................. 1 8
F..d. Layer of hard, gray to yellow limestone 
1 corresponding with E]_d of following M ill
Creek section ............. .................................. 9
F^c. Dark gray, coarse-grained limestone*, the
Phillipsastrea zone. The lower 15 inches 
furnishes very few fo s s i ls .  Among them 
are Acervularia davidsoni, Craspedophyl- 
lum sp. Eridophyllum sp. and Phillipsastrea 
B i l l in g s i .......................................................... 5 6
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Feet In
F-j_b. Hand coarse-grained limestone, corre­
sponding with Eqb and containing the 
fo ss i ls  Atrypa re t icu la r is ,  Atrypa 
hystrixjCranaena iowensis, Gypidula 
comis, and Schizophoria s tr ia tu la ........ 1 8
F-^ a. Bed of very hard, fine-grained limestone 
in the lower part brecciated throughout 
and showing fine lamination planes.
These lamination planes are often bad­
ly  crushed and crumpled, sometimes 
showing in fragments of the breccia.
Not a l l  the fragments show lamination 
planes, but apparently a l l  the frag­
ments are of the same fine-grained 
limestone. The matrix is very hard, 
and seems in places of a sedimentary 
nature. S lightly  below the middle o f 
this member is a thin band of non- 
fo ss il i fe rou s  blue shale of varying 
hardness, and from 1 to 3 inches thick.
This member contains a few shells of 
Stropheodonta perplana.......................... . 8
Along the north end of this exposure, a few rods east 
o f the railway, the Pennsylvanian shale is  exposed at a le ve l 
f i f t e e n  fe e t  below that o f the top of the adjacent Devonian rocks, 
indicating that the shale occupies an old stream channel cut in 
the Devonian strata. A thin band of coal occurs here, within a 
few inches of the top of the limestone.
In the preceding section the three lowest members may 
be correlated with the two uppermost members in  the Cady quarry 
section, F-j_a being equivalent to the upper portion of N^j; and 
F^b the upper portion of F-j_c being equivalent to Ngk. Likewise 
in  correlating the members of this section with those of the 
M ill Creek section given in  fu l l  beginning on page 30, the low­
est member, F^a is equivalent to the lowest member, E.,a, o f the 
M ill Creek section, F^b to E^b, F^c to E^c, e tc . ,  each of the
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members of the F  ^ section having i ts  corresponding equivalent 
in the E^  section. By means of this section the upper strata 
in  the Cady quarry section and lower beds of the M ill Creek 
section may be connected in such a way as to leave no doubt as 
to the succession of the Devonian rocks in these areas.
EXPOSURES EAST OF CASE CREEK.
An outcrop of obliquely-bedded Devonian limestone occurs 
at the bridge across a small creek in  the middle of the north side 
of sec. 17 , T. 17 N ., R. 2 W., a thickness of 3 feet above the 
le v e l  o f the water in  the stream being exposed. The top of this 
exposure is  below the le v e l  of the flood-p la in . Sp ir ifer  
iowensis and Sp ir ifer  subvaricosus were obtained from this out­
crop. This small outcrop unquestionably represents a small por­
tion of the oblique-bedded strata in  the M ill Creek section.
A thickness of 8 feet of yellowish, obliquely-jointed 
limestone is  exposed near the middle of sec. 24, R. 17 N,, R. 1 W. 
which contains the foss ils
Streptelasma rectum Cyrtina umbonata
Orbignyella monticula Pholidostrophia iowensis
Atrypa hystrix R eticu lar ia  fimbriata
Chonetes scitulus Schizophoria str ia tu la
S p ir ife r  iowensis.
An outcrop of limestone occurs along the west bank 
of a small stream exposing a low antic line, the rocks having a 
dip of 10 degrees and striking north, 70 degrees west. The 
section of the strata at this place, marked Bg is as follows.
26
Feet In.
Bgd. Gray, iron-stained, coarse-grained
sandstone, 8 to 18 inches th ic k . . .............  4
BgC. Bed o f gray to brown, coarse-grained 
sandstone, in  layers 2 to 8 inches 
th ick.............................................................. 2
Bgb. Yellowish -  gray, coarse-grained, ir reg ­
ularly bedded limestone with streaks 
of iron-sta in  running through i t ...........  2
B?a. Rather hard, very fo ss il i fe rou s , oblique- 
d ly  bedded Devonian limestone with the
fo s s i ls :  2
Spirorbis angulatus S p ir ife r  asper
Semicoscinium rhombicum Sp ir ifer  biraesialis
Atrypa re t icu la r is  S p ir ife r  euryteines
Chonetes scitulus Sp ir ifer  subvaricosus
Crania sheldoni Stropheodonta demissa
Cyrtina umbonata Stropheodonta perplana
Schizophoria s tr ia tu la  Actinopteria decussata
Phacops rana.
Devonian limestone is being dredged with a steam shovel 
from the bottom of Rock River, near the NE. 1/4 sec. 24, T. 17 N. 
R. 1 II,, by the United States Government, for  use as rip-rap.
A well sunk in the NE. 1/4 sec. 24, T. 17 N. R. 1 1. struck 
8 to 10 fee t of limestone at a depth of 60 fee t .
Devonian limestone is also exposed in  an old quarry on 
the north side of a ridge or dune, in  the south central part of 
sec. 16, T. 17 N. R. 1 I .  'This is on the east side of the wagon 
road a short distance south of the wagon bridge across Rock River. 
The lower strata exposed belong to the Phillipsastrea zone, and 
•the upper strata exposed are those of the obliquely jointed lime­
stone, and contain the following fo s s i ls : -
Figure 5.
Corallum of Craspedophyilum archiaci (B i l l in g s ) ,  
from limestone in  the bed of M ill Creek, near Rock Is ­
land Ry. bridge.
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Acervularia davidsoni 
Heiiophyilum sp.
Cyclotrypa co llina  
Cyclotrypa communis 
Cystodictya hamiltonensis 
FeneStella vera 
Fistulipora monticulata 
Hemitrypa tenera 
Orbignyella monticula 
Rhombopora subannulata
Phacops
Semiccscinium rhorribicum 
Atrypa ret icu laris  
Chonstes scitulus 
Cyrtina umbonata 
Pholidostrophia iowensis 
Schizophoria str ia tu la  
S p ir ifer  asper 
Sp ir ifer  euryteines 
Sp ir ifer  iowensis 
Sp ir ifer  subvaricosus 
rana.
\ * f  ■?., r
THE MILL CREEK SECflOftS.
The sections along Mill Creek comprise some of the 
most typical exposures of the Devonian found in Rock Island 
County. With the exception of the section obtained in  the Cady 
quarries the M ill Creek sections, taken in their entirety , show 
the greatest thickness of Devonian strata, and without exception 
y ie ld  the greatest number of fo s s i ls .  As has been shown, they 
may readily be connected up with the Cady quarry section, the 
uppermost Devonian strata of the la t te r  corresponding with the 
lowermost of the former.
The sections begin near the confluence of M ill Creek 
and Rock River, where the Fayette breccia appears, and extends 
continuously to the center of sec. 25, T. 17 N. R. 2 W. A to ta l 
v e r t ica l thickness of more than 60 fe e t  of limestone is  exposed 
in  this section. A number of outcrops occur farther up the 
stream, but the strata exposed are included within the the con­
tinuous section farther down the stream. The M ill Creek section 
marked Eq as follows:
Figure 6 .
Outcrop of Devonian limestone on the east bank 
of M ill Creek in  sec. 25, T. 17 N., R. 2 W,, Rock Island 
County, I l l in o is .  The uppermost overhanging stratum 
in this picture is the Acervularia davidsoni coral ree f.
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Feet In.
E-j_p. Layer of gray, shelly, somewhat
crysta llized , limestone, containing 
a large number of small shells of 
Atrypa re t icu lar is
Zaphrentis sp 
Zaphrentis gigantea 
Athyris fultonensis 
Atrypa re t icu la r is
1
Schizophoria str ia tu la  
Sp ir ifer  fimbriata 
S p ir ife r  iowensis 
Sp ir ifer  subvaricosus
3
Epo. Coralline ree f limestone. May be
called the Acervularia reef Dge.......... 2
Epn. Brown limestone extending up to the
top of the Acervularia reef 4
Striatopora rugosa Atrypa re t icu lar is
Cyclotrypa communis Chonetes scitulus
Cystodictya hamiltonensis Cranaena iowensis 
Euspilopora barris i Cyrtina umbonata
Fenestella vera Pentamerella dubia
Fistulipora monticulata S p ir i fe r  euryteines 
Hemitrypa tenera S p ir ife r  iowensis
Orbignyella tenera Sp ir ifer  subvaricosus
Reteporina hamiltonensis Stropheodonta demissa 
Semicoscinium rhombicum Stropheodonta perplana
Platyceras sp.
Epm. Brown, fine-grained, somewhat crysta l­
l in e , crinoiaal limestone, weathering 
into slabs 2 or 3 inches thick, and 
yielding the following fo s s i ls :  5
Eridotrypa appressa 
Atrypa re t icu lar is  
Cranaena iowensis 
Gypidula comis 
Reticularia fimbriata 
Schizophoria str ia tu la  
Schuchertella chemunge:
Sp ir ifer  bimesialis 
Sp ir ifer  euryteines 
S p ir ife r  iowensis 
Sp ir ifer  subvaricosus 
Stropheodonta demissa 
Stropheodonta perplana 
is Phacops rana.
Epl. Soft, yellowish, fine-grained impure 
limestone, very shaly and shelly, 
weathering into thin band. Pelecypods 
are particu larly  numerous as is shown 
by the following fo s s i l  forms in this 
member ...........  4
6
6
Cyclotrypa co llina  
Cyclotrypa communis 
Fistulipora monticulata 
Orbignyella monticula 
Atrypa re t icu la r is
Stropheodonta perplana 
Pla-tyceras dumosus 
Actinopteria decussata 
Cypricardella b e l l is t r ia ta  
Goniophora sp.
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Feet In,
Chonetes scitulus Modiola sp.
Cyrtina urribonata Modiomorpha concentrica
Pholidostrophia iowensis Mytilops praecedens
Sp ir ifer  asper Mytilarca sp.
Sp ir ifer  euryteines Paleonilo c f .  plana
Sp ir ifer  iowensis Paracyclas e l l ip t ic a
Sp ir ifer  subvaricosus Ptychopteria sp.
Stropheodonta demissa Sphenotus sp.
E^k. Soft, yellowish, impure and shaly lime-
stone. Joint planes nearly yert ica l
and close together. S tra t i f ica t ion  is
thin, weathers readily . As shown by the 
l i s t ,  this member contains numerous
f o s s i l s .....................
Cyathophyllum sp. Chonetes scitulus
Striatopora rugosa Cranaena iowensis
Spirorbis angulatus Pholidostrophis iowensis
Cyclotrypa co llina Roemerella grandis
Gyclotrypa communis Schizophoria str ia tu la
Cystodictya ha mil "cone ns is  S p ir ife r  asper
Eridophyllum appressa S p ir ife r  bimesialis
Euspilopora barris i S p ir ifer  euryteines
Feneste'lla vera S p ir ife r  iowensis
Fistulipora monticulata S p ir ifer  subvaricosus
Orbignyella monticula Cypricardinia indenta
Samicoscinium rhombicum Paleoneilo cf plana
Atrypa re t icu lar is Gomphoceras ajax
Phacops rana
The succeeding members of the section up to the Acer-
vularia reef are clearly  d iv is ib le  into two general sections •)
the lower, sof ter and yellower, is  thinly s t ra t i f ied ;  the upper,
harder and browner, is  in thicker layers. In both portions the
jo in ting is not nearly so close together and is more nearly per-
pendicular to the bedding planes than in  the members E]_g to El^
inclusive. 'The members from E-j_g to E]_j inclusive are d is-
t in ctly  and characterist ica lly  obliquely jointed, and shattered
and broken into very sharp and angular small blocks.
Figure 7.
Brachiopods from the Hamilton limestone 
of Rock Island County.
1, 2. Worn shells of Stropheodonta demissa Conrad.
3, 4. Ventral and dorsal valves of Atyris fultonen- 
sis Swallow.
5, 6. Dorsal and ventral valves of Atrypa hystrix Hall.
7. Dorsal valve of Atrypa re t icu lar is  Linnaeus.
8. Dorsal valve of Schizophoria str ia tu la  Schlotheim.
9. Mold of Atrypa re t icu lar is  Linnaeus showing 
outer fringe of she ll.
10, 11, Dorsal and ventral valves of Cranaena 
iowensis Calvin.
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Feet In.
El 2 . Dark-gray to yellowish-gray, rather
impure limestone, weathering rather
eas ily . Jointing characterist ica lly
oblique. The following fo ss i ls  are
contained within i t . .
Ceratopora Atrypa spinosa
Cystiphyllum sp. Chonetes scitulus
Streptelasma rectum Cranaena iowensis
Spirorbis angulatus Craiiu.ona romingeri
Oyclotrypa co llina Crania shelaoni
Gyclotrypa communis Cyrtina hamiltonensis,
Eridotrypa appressa var. recta
Fistulipora monticulata Cyrtina umbonata
Hederella f i l i fo rm is Pentamerella dubia
Orbignyella monticula Pholidostrophia iowensis
Petalotrypa compressa Schizophoria str ia tu la
Rhombopora su lc ifera Sp ir ifer  asper
Semicoscinium rhombicum S p ir ife r  euryteines
Ambocoelia umbonata Sp ir ifer  iowensis
Atrypa hystrix Sp ir ifer  subvaricosus
Atrypa re t icu lar is Stropheodonta demissa
Stropheodonta perplana
E-j^ i. Rather so ft, gray to yellowish, impure
limestone, in rather thick layers which
weather easily  and show oblique jo in ting. 5
Streptelasma rectum Cranaena iowensis
Oyclotrypa communis Crania shelaoni
Cystodictya hamiltonensis Cyrtina umbonata
Oyclotrypa co llina Gypidula comis
Fenestella vera Pentamerelladubia
Fistulipora monticulata Pholidostrophia iowensis
Hemitrypa tenera Products 11a subalata
Orbignyella monticula Reticularia fimbriata
Semicoscinium rhombicum Schizophoria str ia tu la
Spirorbis S p ir ifer  asper
Athyris fultonensis Sp ir ifer  euryteines
Atrypa hystrix S p ir ife r  Iowensis
Atrypa re t icu la r is S p ir ifer  subvaricosus
Chonetes scitulus Stropheodonta demissa
Stropheodonta perplana
Eih. Gray, thinly-bedded, rather impure
limestone, weathering easily . Fossils
rather numerous as tl>e following l i s t
shows............................ 6
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Feet In.
Ceratopora sp. Cranaena iowensis
Streptelasma rectum Cyrtina umbonata
Cyclotrypa communis Pentamerella dubia
Cystodictya hamiitonensis Schizophoria str ia tu la
Eridotrypa appressa Productella subalata
Euspilopora barr is i Reticularia fimbriata
Fistulipora monticulata S p ir ife r  asper
Hemitrypa tenera S p ir ife r  bimesialis
Orbignyella monticula Sp ir ifer  euryteines
Petalotrypa compressa S p ir ife r  iowensis
Rhombopora subannulata Sp ir ifer  subvaricosus
Semicoscinium rhombicum Stropheodonta demissa
Atrypa hystrix Stropheodonta perplana
Atrypa re t icu la r is Tentaculites bellulus
Chonetes scitulus Phacops rana
E-j_g. Gray, fine-grained, easily-eroded, im-
pure limestone, shaly in  places. Fossils
not numerous but var:
Streptelasma rectum Chonstes scitulus
Cyclotrypa communis Crania sheldoni
Cystodictya hamiitonensis Lingulodiscina marginalis
Fenestella vera Pholido3trophia iowensis
Fistulipora monticulata Productella subalata
Hemitrypa tenera Reticularia fimbriata
Orbignyella monticula Schizophoria str ia tu la
Semicoscinium rhombicum Schuchertella chemungensis
Athyris fultonensis S p ir ife r  iowensis
Atrypa hystrix S p ir ife r  subvaricosus
Atrypa re t icu lar is Stropheodonta demissa
Stropheodonta perplana
E i f . Yellowish, impure, r ich ly  foss il i fe rou s
limestone............. ..
Streptelasma rectum Chonete3 scitulus
Cyclotrypa communis Cyrtina umbonata
Cystodictya hamiitonensis Schizophoria str ia tu la
Fenestella vera Schuchertella chemungensis
Fenestrapora occidentalis S p ir ifer  iowensis
Hemitrypa tenera Sp ir ifer  subvaricosus
Orbiculoidea monticula Stropheodonta demissa
Rhombopora subannulata Stropheodonta perplana
Semicoscinium rhombicum Bellerophon pelops
Atrypa hystrix Actinopteria decu.ssata
Atrypa re t icu lar is Phacops rana
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Figure 8 .
View of the Devonian limestone in the west 
bank o f M ill Creek in the middle of the North side of 
sec. 25, T. 17 N., R. 2 W.
The very lowest stratum seen in the right hand 
corner of the photograph is  the top of the Phillipsastrea 
b i l l in g s i  zone.
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Feet In.
E]_e. Layer of hard, dark gray, limestone 1
Stylodictyon expansum 
Atrypa hystrix 
Atrypa re t icu la r is  
Cyrtina hamiltonensis 
Pholidostrophia iowensis
Schizophoria str ia tu la  
S p ir ife r  bimesialis 
S p ir ife r  euryteines 
S p ir ife r  subvaricosus 
Stropheodonta demissa
E^d. Layer of yellowish, rather shaly l in e -  
stone which weathers read ily . Fos3i l  
fauna resembles that of E]_e...................
Cyathophyllum sp. Productella subalata
Cystiphyllum c f americanum Schizophoria str ia tu la  
Streptelasma simplex S p ir ife r  iowensis
Atrypa hystrix Stropheodonta demissa
Atrypa re t icu la r is  Stropheodonta perplana
Atrypa spinosa Platyceras dumosum
Cranaena iowensis .> Pleurotomaria lucina
Gomphoceras ajax
8
9
E-^ c. Outcrop under, and just 3outh of the Rock 
Island Ry. bridge, in the SE. 1/4 sec. 24,
T. 17 N., R. a W. Very hard, fine-grained 
limestone containing many corals. May be 
designated as the Phillipsastrea horizon. 2
Astreospongia hamiltonensi 
A lveo lites  goldfussi 
Acervularia davidsoni 
Acervularia profunda 
Ceratopora sp.
Gladapora pp.lmata 
Cladopora p ro l i f ic a  
Craspedophyllum archiaci 
Cyathophyllum sp. 
Cystiphyllum americanum 
Favosites alpenensis 
Favosites hamiltonensis 
Favosites placenta 
Heliophyllum sp. 
Phillipsastrea b i l l in g s i  
Streptelasma simplex
s Zaphrentis sp. 
Hemitrypa tenera 
Orbignyella monticula 
Atrypa hystrix 
Atrypa ret icu laris  
Cranaena romingeri 
Gypidula comis 
Nucleospira ventricosa 
Productella subalata 
Recticularia subundifera 
Schizophoria str ia tu la  
Sp ir ifer  euryteines 
Sp ir ifer  iowensis 
Stropheodonta demissa 
Bellerophon pelops 
Pleurotomaria lucina
Gomphoceras sp.
E-jb. Outcrop of stratum of hard, gray lime­
stone, just above breccia, and below 
Phillipsastrea zone. Contains a large 
fauna........................................................ l 3
Figure 9 .
Sp ir ifers  from the Hamilton limestone of 
Rock Island County.
1. View of cardinal area of Sp ir ifer  iowensis Owen.
2 . Ventral valve of S p ir ifer  iowensis Owen.
3. Ventral valve of S p ir ifer  euryteines Owen.
4. Dorsal valve of S p ir ifer  euryteines Owen.
5. Front view of Reticularia subundifera Meek and 
Worthen.
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Feet In.
Zaphrentis sp.
Athyris fultonensis 
Atrypa hystrix 
Atrypa re t icu la r is  
Cranaena iowensis 
Gyrtina hamiltonensis 
Pentamerella dubia
Pholidostrophia iowensis 
Productella subalata 
S p ir ifer  fimbriata 
S p ir ife r  subvaricosus 
Stropheodonta deraissa 
Bellerophon pelops 
Pleurotomaria lucina
Gonphoceras.
E^a. Outcrop in bed of M ill Greek, one-half 
mile east of Milan, north and south of 
wagon bridge. Dark-gray, fine-grained, 
much brecciated limestone bearing no 
f o s s i l s ............................................................  10
SMALL OUTCROPS ON MILL GREEK AND CASE CREEK.
' *  v „
In the NW. 1/4 NE. 1/4 sec. 25, T. 17 N. R. 2 W. 
approximately half a mile above the wagon bridge, the brecciated 
horizon found east and north of Milan is  exposed. The strata 
here dip gently toward the north. The thickness of the brec­
ciated layers exposed above water-level at this point is  10 fe e t ,  
and they extend along the bed of the stream for  at least 20 rods.
An outcrop in the bank of M ill Creek in  the SW. 1/4
sec. 30, T. 17 N., R. 1 1 . ,  opposite the schoolhouse shows about
12 fee t of the oblique-jointed horizon so d is t in c t iv e ly  exposed 
in the M ill Creek section. The lower half of this limestone 
is  fu l l  of fo s s i ls ;  the upper half is impure limestone which
weathers into small b its .
Ceratopora 
Streptalasma rectum 
Cyclotrypa co llina  
Oyclotrypa communis 
Cystodictya hamiltonensis 
Eridotrypa appressa 
Fenestella vera 
Fistulipora monticulata 
Hemitrypa hamiltonensis 
Meekopora s t e l l i f e r a
Few fo s s i ls .
Semicoscinium rhombicum 
Atrypa hystrix 
Atrypa re t icu la r is  
Chonetes scitulus 
Crania she Ido ni 
Cyrtina hamiltonensis 
Cyrtina umbonata 
Pholidostrophia iowensis 
Pugnax
Schizophoria str ia tu la
Figure 10.
Contact between the Devonian limestone below, 
and the basal conglomerate of the Pennsylvanian system 
above. The hammers rest on the top of the Devonian 
limestone.
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Orbignyella monticula Sp ir ifer  iowensis
Rhombopora 3ubannulata Stropheodonta demissa
Stropheodonta perplana
A small outcrop in the HW. 1/4 HW. 1/4, sec 36, T. 17 N. 
R. 2 W. on the south side of the bridge. The hard obliquely 
bedded, limestone isexposed to height of 6 fe e t .
Another outcrop in the bank of a creek in  the SW. l/4, 
sec. 30, T. 17 N., R. 1 W., also exposes the obliquely-jointed 
Devonian limestone. About 14 feet are exposed.
Devonian limestone unconformably overlain  by Penn­
sylvanian sandstone may be seen" In . the south-central part of 
sec. 31, T. 17 N. R. 1 W. along the north bank of M ill Creek.
The section designated K-^  was made at this place.
Feet. In.
K^c. Bed of dark, carbonaceous shale weather­
ing into thin f i s s i l e  b i t s .......................  6
K-jb. Yellow to red, coarse-grained sandstone, 
containing conglomerate layers, 8 to 20 
inches thick, fu l l  o f chert pebbles 2 to 
4 inches in  diameter, and worn Devonian 
cora ls ......... ...................................................  12
K^a. Dark-red to broT/n, iron-stained crinoidal 
limestone, rich in bryozoa. I t  contains 
the following fo s s i ls :  Sp ir ifer  Iowensis,
Sp ir ifer  demissa, and Sp ir ifer  sub- 
varicosus..................    4
Cyclotrypa co llina  Hederelia f i l i fo rm is
Cyclotrypa communis Semicoscinium rhombicum
Euspilopora barris i Sp ir ifer  iowensis
Fenestella vera Sp ir ifer  subvaricosus
Stropheodonta demissa.
The member K-j_a corresponds with the crinoidal-bryozoan 
layer F^o of the M ill Greek section.
About one-fourth mile farther up the stream, near the 
road, the carbonaceous shale was exposed to a thickness of 18 feet
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with no sandstone or limestone in  sight.
A small outcrop of Devonian limestone is exposed in 
the NW. 1/4 sec. 30, T. 17 N., R. 1 W., along the bed of a small 
creek. This outcrop corresponds to part o f the obliquely joint' 
ed beds of the M ill Creek section.
Along Case Creek and a small stream tributary to i t  
the contact of the Devonian limestones with the Pennsylvanian 
strata may be seen in several places. The surface of the old 
Devonian limestones upon which the Pennsylvanian shales and 
sandstones were deposited is  here seen to be very uneven.
The strata included in  the section Gg outcrop in a 
gu lly , tributary to Case Creek, about 1 mile east of Doxie 
schoolhouse in  the SE. l/4, sec. 30, T. 17 N., R. 1 W.
Feet In.
Ggb. Layer of deeply iron-stained, botryoidal
limestone, overla in  by Pennsylvanian
s tra ta .............................................................  1 6
G^a. Obliquely-bedded limestone, the upper 
part including the crinoidal zone of 
the M ill Creek sec t ion ...............................  10
Fistulipora monticulata Sp ir ifer  asper
Orbignyella monticula S p ir ife r  euryteines
Semicoscinium rhombicum S p ir ife r  iowensis
Atrypa re t icu lar is  S p ir ife r  subvaricosus
Chonetes scitulus Stropheodonta demissa
Schizophoria s tr ia tu la  Stropheodonta perplana 
Schuchertella chemungensis Phacops rana
Devonian limestone marked G^  again outcrops for  ten 
rods along the south bank of Case Creek near the middle of 
Sec. 32, T. 17 N., R. 2 W. The upper portion is iron-stained, 
much weathered, almost botryoidal, obliquely-bedded limestone^ 
the lower portion is more gray. The following fo ss i ls  occur
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in the lower portion :-
Atrypa re t icu la r is S p ir ife r  subvaricosus
Chonetes scitulus Stropheodonta demissa
Sp ir ifer  asper Stropheodonta perplana
Sp ir ifer  euryteines Actinopteria decussata
Sp ir ifer  iowensis Paleoneilo c f plana
An exposure of Pennsylvanian shale and sandstone
occurs near the base of the east bank of Case Creek about 6 rods
below the spot where the limestone designated G- outcrops. At 
this place the strata dip strongly to the south. The following 
section Gg was made at this point;
Feet In.
Gga. Dark, carbonaceous shale, almost coa l..  1
Ggb. Brownish-gray, highly pyrit ized  sandstone
with botryoidal surface........... . 5
GgC. Dark gray to black, sandy, f i s s i l e  very
carbonaceous shale, containing con-
s iderable sulphur ..
An outcrop of 12 feet of obliquely-bedded, crinoidal
limestone occurs on the north bank of Case Creek, about 3 rods
above the outcrop designated as Gg. These rocks are very
foss il i fe rou s  and near the middle of the outcrop contain a band
of remains of crinoids, sp ir i fe rs ,  and atrypas. The fo ss ils
contained are the following:
Cyclotrypa co llina Chonetes scitulus
Cyclotrypa communis Schizophoria str iatu la
Hemitrypa tenera Sp ir ifer  euryteines
Orbignyalla monticula S p ir ife r  iowensis
Semicosciniura rhombicum S p ir ifer  subvaricosus
Athyris fultonensis Stropheodonta demissa
Atrypa ret icu laris Phacops rana
This limestone, by the character of its  jo in ting, and
by its  fo s s i l  content indicates that i t  may be correlated with
the obliquely-jointed portion of the M ill Creek section.
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Another outcrop of this obliquely-jointed limestone 
and of coarse sandstone is  found-on the north bank of Case Creek, 
about 5 rods above the foregoing. A thickness of eight fee t  
of dark-gray to brown sandstone stained with iron overlies a 
dark-gray obliquely-jointed limestone, with the band of crinoids 
and atrypas near the top.
Strata described in the section Gg outcrop for 20 rods 
along the west bank of Case Creek, in  the NE. 1/4, NE. 1/4, 
sec. 32, T. 17 N. P. I I ,
Feet In.
Ggd. Layers of brown sandstone, containing 
conglomeratic bands, fu l l  of chert
pebbles, near the top................................ 4 6
Ggc . Black carbonaceous shale......................... 1 8
Ggb. Soft gray to brown sandstone................... 5
Gga. Obliquely bedded limestone with a band 
near the middle fu l l  of shells of 
Atrypa re t icu la r is  and crinoid stems...
A series of strata of which only the lowest member is
Devonian, outcrops in a small gully in  the SW. 1/4, SW. 1/4,
sec. 30, T. 17 N., P. 1 W. The series designated as G0 is as
fo llow s :-
Feet In.
Ggd. Slate and sandstone intermingled in
broken mass..................................................
GgC. Coal of poor qua lity .................................. 1 8
G g b .  Soft gray to brown sandstone................... 5
Gga. Obliquely-bedded limestone correspond­
ing to the obliquely bedded strata of 
the M ill Creek section........................ . 3
The preceding series of sections, succeeding the M ill
Figure 11,
Fragment of Crinoidal limestone from M ill Creek 
showing numerous Bryczoa.
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Creek section designated E^, reveal no additional members, nor
do they connect up the M ill Creek section with any other.
They are given forthe purpose of indicating how uneven is the 
Devonian surface upon which the Pennsylvanian deposits were la id 
down.
OUTCROPS TOWARD ANDALUSIA, WEST OF MILAN.
An interesting exposure of Devonian limestone expend­
ing along the bed and banks Qf. a small stream, a short distance
M, * .f
above and below the wagon bridge,, in the NE. 1/4, sec. 26,
T. 17 N., R. 3 W. The series D7 is  as fo llow s: -
Feet In.
D^a. Brown, iron-stained and much leached 
limestone, containing large moulds of 
Stropheodonta concava..............................  2
D_b. Very hard, iron-stained limestone con­
taining a few moulds of Stropheodonta 
concava................................... ....................  1
D^c. S lightly  iron-stained, somewhat crysta l­
l in e , fine-grained limestone with numer­
ous fo s s i ls :  .........  9
Caunopora incrustans 
Athyris fultonensis 
Cranaena iowensis 
Lingulodiscina marginalis 
Orbiculoidea wardi 
Pugnax sp.
Schuchertella chemungensis
Ptychopteria sao.
Stropheodonta demissa 
Phanerotinus exiguus 
Pleurotomaria lucina 
Aviculopecten sp. 
Conocardium cunens, 
var. altum 
Ptychopteria eucrate
Dyd. Hard, iron-stained limestone with numer­
ous coralla of Zaphrentis gigantea and 
shells of Cranena iowensis..................... 2
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Feet In.
D^e, Hard, almost crysta lline limestone,
in places s ligh t ly  iron-stained.............  1
Caunopora incrustans 
Stromatopora sp. 
Stylodictyon expansum 
Cladopora p ro l i f ic a  
Zaphrentis sp. 
Fistulipora monticulata 
Orbignyella monticula 
Athyris fultonensis 
Cranaena iowensis 
Orbiculoidea t e l l e r i  
Orbiculoidea wardi
Lingulodiscina marginalis 
Pugnax sp.
Roemerella grandis 
Schuchertella chemungensis 
Stropheodonta demissa 
Phanerotinus exiguus 
Pleurotomaria lucina 
Conocardium cuneus, var. altum 
Oypricardinia indenta 
Mytilarca trigonale 
Paracyclas l ira ta
Dyf. Very hard, banded black and white lime­
stone, with numerous stromatoporoids, 
and many shells of Stropheodonta
demissa, and Sp ir ifer  subvaricosus. . . .  3
Dyg. Rather so ft, coarse-grained, shell
limestone. Contains among other fo s s i ls :  1 2
Anrplexus sp.
Cladopora palmata 
Cyathophyllum sp. 
Strep-ceiasma simplex 
Zaphrentis sp. 
Zaphrentis gigantea 
Atrypa re t icu la r is  
Cranaena iowensis
Phacops
Lingulodiscina marginalis 
Schizophoria str ia tu la  
Sp ir ifer  euryteines 
Sp ir ifer  iowensis 
Sp ir ifer  subvaricosus 
Stropheodonta demissa 
Bellerophon pelops 
Pleurotomaria lucina 
rana
Dyh, Bluish-gray, rather fine-grained lime­
stone weathering into irregular layers and 
carrying numerous large shells of Atrypa 
re t icu lar is  in a band just above middle.
The member contains Atrypa re t icu la r is ,
Cyrtina hamiltonensis, Cranaena iowensis,
S p ir ife r  subvaricosus, and Stropheodonta 
Demissa............. ................. ...........................  5 6
The lowest member, Dyh, of this section, carrying the 
band of large Atrypa re t icu la r is  may be readily correlated with 
the corresponding member Dgg of the following section, which 
carries a similar abundance of small shells of Atrypa re t icu la r is ,  
besides being almost identical in l ith o lo g ica l character and 
fo s s i l  content. This section and the succeeding Fancy Creek
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section, designated Dg, continue the succession of the Devonian 
strata upward beyond the highest member of the M ill Creek section 
without any break. Hence a continuous succession has been es­
tablished from the base of the quarry section N^a to the top of 
this section Dya and to the top of the Fancy Creek section, Dga, 
the top of the Devonian strata in  Rock Island County.
In an exposure along the bed and banks of Fancy Creek 
in the Nfi. 1/4 sec. 27, T. 17 N., R. 3 W. beginning just south of 
the wagon bridge, and extending a short distance down stream, the 
following beds were studied.
Feet In.
Dga. Very hard, iron-stained, fine-grained 
limestone containing Stropheodonta 
concava and Stropheodonta demissa......... 10
Dgb. Iron-stained, fine-grained, s ligh tly
crysta lline limestone.................................. 1
Athyris fultonensis S p ir ife r  asper
Cranaena iowensis Stropheodonta demissa
DgC. Hard, s ligh tly  iron-stained, f in e ­
grained limestone with numerous cora lla  
of Zaphrentis gigantea................................ 2
Dgd. Hard, dark-gray, almost crysta lline  lime­
stone, s ligh t ly  stained by iron. Many 
fo s s i ls : -  .........
Stylodictyon expansum 
Cladopora p ro l i f ic a  
Zaphrentis sp.
Athyris fultonensis 
Cranaena sp.
1
Lingulociiscina marginalis 
Pugnax sp.
Reticularia fumbriata 
S p ir ifer  iowensis 
S p ir ife r  subvaricosus
Bellerophon pelops.
DgC. Very hard, banded black and gray with
numerous stromatoporoids............................  4
Cladopora palmata Zaphrentis 2 sp.
Cladopora p ro l i f ic a  Sp ir ifer  iowensis
Stropheodonta demissa
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Feet In.
Dgf. Rather so ft, coarse-grained lime­
stone with many f o s s i l s ........................  8
Atrypa ret icu laris  Sp ir ifer  iowensis
Schizophoria s tr ia tu la  Stropheodonta demissa
Sp ir ifer  euryteines Phacops rana
Bgg. Bluish to brownish, irregu lar ly -
bedded fine-grained, limestone with band 
of large Atrypa ret icu laris  near middle.
The fo ss i ls  a re :-  .............  3 6
Atrypa re t icu lar is  Stropheodonta demissa
Cranaena iowensis Edmondia sp.
Dfih. Gray, loca lly  iron-stained, shelly and 
shaly limestone containing Sp ir ifer  
iowensis and numerous small Atrypa 
re t icu la r is  throughout. Athyris 
fultonensis and Sp ir ifer  euryteines 
are common near the top........................  3
Streptelasma rectum 
Orbxgnyella monticula 
Athyris fultonensis 
Atrypa re t icu la r is  
Cranaena iowensis 
Cyrtina umbonata, var.
Schizophoria striatu la 
Sp ir ifer  asper 
Sp ir ifer  euryteines 
Sp ir ifer  subvaricosus 
Stropheodonta demissa 
Stropheodonta perplana
The correlation  between the members of this section 
and those of the preceding section is as follows: The member
Dgf of gray limestone fu l l  of Sp ir ifer  iowensis corresponds with 
Dyg of the preceding section; Dge is the equivalent of D^f;
Dgd of D^e; D^ b to D^c; and Dga to D^ b respectively . The
lith o lo g ica l characters as well as the fo s s i l  contents of the 
corresponding members of these two neighboring sections are 
closely sim ilar. The most important member of this section is 
Dgh, the zone of numerous small Atrypa re t icu la r is , for i t  is  
equivalent to E.,, of the M ill Creek section, thus connecting this 
section d irec t ly  with the M ill Creek series.
Figure 12.
Brachiopods from Hamilton limestone of 
Rock Island County, I l l in o is .
1 . Cast of in ter ior  of shell of Stropheodonta 
demiBsa Hall.
2. Cast of in ter ior  of shell of Stropheodonta 
concava Hall.
3. Dorsal valve of large shell of Atrypa 
re t icu lar is  Linnaeus,
4. Front view of large shell of Schizophoria 
str iatu la  Schlotheim.
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About 20 rods north of the wagon bridge on the
Andalusia road, near where the section  D was made, is a low
8
antic line with a shallow syncline a short distance north of i t .
The antic line is  about 3 rods in  width, striking N. 60° W.
A ledge of limestone projects from a low terracelike 
bank above Mississippi r iv e r ,  just east of the mouth of Fancy 
Creek, in the north part of the NK. 1/4 sec. 26, T. 17 N., R. 3 W. 
The following section, marked Dg shows the character of the strata 
at this place.
Feet In.
Oga.. Gray, somewhat iron-stained limestone, 
conspicuously fu l l  of shells of Atrypa 
re t icu la r is ,  Cyrtina umbonata, and Athyris 
fultonensis. The complete fo s s i l  l i s t  
as fo llow s :-  - . . .........  10
Stylodictyon expansum Roemerella grandis 
Fenestella vera Schizophoria str ia tu la
Athyris fultonensis Sp ir ifer  asper
Atrypa re t icu lar is  S p ir ifer  euryteines
Cranaena iowensis Sp ir ifer  iowensis
Cyrtina umbonata, (var a lta ) Sp ir ifer  subvaricosus 
Lingulodiscina marginalis Stropheodonta demissa 
Nucleospira concinna Pleurotomaria lucina
Pentamerella dubia Conocardium cuneus,var altum
Pholidostrophia iowensis Proetus c f.  occidens.
1
Dyb. Very hard, s l igh t ly  iron-stained, gray 
shelly limestone, fu l l  of Schizophoria 
s tr ia tu la  and Sp ir ifer  euryteines. 
Other fo ss i ls  are Atrypa ret icu laris  
and Sp ir ifer  iowensis..............................
DgC. Hard, gray, coral reef limestone with 
many masses of septaria. The fo ss ils  
are: . . . .
Stylodictyon expansum 
Aoervularia davidsonii 
A lveo lites  golafussi 
Favosites hamiltonensis 
Favosites placenta 
Cyclotrypa communis
1
Fenestella vera 
Orbignyella monticula 
Atrypa ret icu laris  
Pentamerella dubia 
Schizophoria striatu la  
S p ir ifer  euryteines
6
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The lowest member, D9C, of the foregoing section is 
the Acervularia davidsoni coral reef limestone and corresponds 
with the upper member, E]_n, o f the M ill Creek section, showing the 
re la tion  which the strata in this section bear to those of pre­
ceding sections. The succeeding sections show no members addi­
tional to those already described, and a l l  of their strata may 
readily  be correlated with some of those of the preceding sections. 
The last ones, however, show how the Devonian outcrops f in a l ly  
disappear beneath the Pennsylvanian shales and sandstones along 
the western margin of the Devonian exposures.
A bed of shaly limestone is exposed along the channel 
of a small stream in the eastern part of the old v i l la ge  of 
Andalusia, at the bridge in the center of sec. 27, T. 17 N.,
R. 3 W. This limestone contains numerous shells of Stropheo- 
donta demissa and Atrypa re t icu la r is , and corresponds with the 
upper part of the member Dgg of the preceding Dg section. The 
thickness exposed is 3 fee t 6 inches.
About 10 rods upstream from this place the sfromato- 
poroid reef is  plainly exposed overlain by limestone coralla  
of Zaphrentis gigantea.
Along the bed and banks of a stream on either side of 
the wagon-road, near the middle of sec. 28, T. 17 N., R. 3 W. 
the stromatoporoid zone of preceding sections is also well ex­
posed, and is also overla in  by a limestone layer containing 
coralla o f Zaphrentis gigantea, the two layers together having 
a thickness of 6 fe e t .  These strata correspond with the mem­
ber Dgc of the Dg section, and Dyd of the D7 section. The
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uppermost 3 or 4 fee t of limestone in  this exposure are much
leached and replaced with iron. Despite the fact that the
bedding of the limestone is almost ob literated, moulds of
Stropheodonta demissa or S. concava are found nearly to the top.
Amplexus sp'. S p ir ife r  iowensis
Streptelasma simplex Sp ir ifer  subvaricosus
Atrypa re t icu la r is  Stropheodonta demissa
Schizophoria str ia tu la  Stropheodonta perplana
Sp ir ifer  euryteines Gomphoceras ajax
Gomphoceras sp.
Upon going upstream about 80 rods from the exposure 
last mentioned, shale of the Pennsylvanian system is exposed 
to a thickness of 20 fe e t ,  the base of the shale lying at no 
higher leve l than the top of the limestones at the bridge one- 
fourth of a mile farther north. A short distance, perhaps 20 
rods, s t i l l  farther up the stream a thickness of 14 feet of 
Pennsylvanian sandstone appears on the east bank. This sand­
stone is  thin-bedded, and is in te rs tra t i f ied  with shale. Ac­
cording to the farmer who owns the land, a 16-inch coal seam 
has been worked in  the h i l ls  above the sandstone, and another 
16-inch coal seam occurs in  the black shale below the sandstone.
Zaphrentis gigantea Stropheodonta concava
Cyclotrypa co llina  Stropheodonta demissa
Cyclotrypa communis Pleurotomaria lucina
Fistulipora monticulata Gomphoceras sp.
At the west end of the wagon bridge on the Andalusia 
road, in  the SE. 1/4 sec. 2S, T. 17 H. E. S 1 ,  a thickness of 
about 8 fee t of Devonian limestone outcrops. I t  is here over- 
la in  by about 4 feet of Pennsylvanian sandstone. About 15 rods 
south of this exposure is  another outcrop of a thickness of 
about 3 fe e t  of Devonian limestone which is much leached and
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stained by iron, and is overlain by 8 feet of thin-bedded Pennsyl­
vanian sandstone.
A few rods up the stream beyond this la tte r  outcrop, 
about 25 fee t of dark, carbonaceous shale of Pennsylvanian age 
l ie s  d irec t ly  upon the limestone, being exposed from the top of 
the b lu ff to the water le v e l .  The base of this bed of shale is  
at p ractica lly  the same.level as the base of the sandstone in 
the outcrops farther down stream
Between the two last mentioned exposures, a thickness 
of about 6 fe e t  of Devonian limestone outcrops along the bank 
of the creek. The preceding outcrops described above show that 
the Devonian surface upon which the Pennsylvanian strata were 
deposited is very uneven. As a consequence some of the Dev­
onian strata are found at a le ve l higher than that of the basal 
Pennsylvanian layers in nearby exposures, the depressions in  the 
Devonian surface being f i l l e d  with Pennsylvanian deposits.
Immediately north of the last mentioned bridge, a 
thickness of about 6 fe e t  of Devonian limestone is exposed in  
which the band of large Atrypa re t icu lar is  appears near the 
middle.
The most westerly exposure of the Devonian rocks found 
in  this area outcrops immediately north of the wagon-road at 
the foot of the b lu ff  bordering Mississippi River, in the NW. 1/4 
sec. 25, T. 17 N., R. 4 W. At this point a thickness of about 
10 feet o f limestone is exposed for  a distance of 10 or 12 rods 
along the bank of the r iv e r .  The lowest of these strata are 
the equivalent of the three members of the DQ section. The rock
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is  leached and much weathered, and is p a rt ia lly  dolomitized.
A farmer l iv in g  in  this v ic in ity  stated that a "b lu ff"  
of black shale, forty  fee t high, r ises from low water leve l in 
the eastern bank of Mississippi River, about half a mile below 
the outcrop described in D ^ . This outcrop of shale l ie s  near 
the middle of the W. 1/2 sec. 26, T. 17 N., R. 4 W. and the 
sediments are of Pennsylvanian age.
Outcrops of black Pennsylvanian shale 15 feet thick, 
also occur in  the banks of the creek in  the MW. 1/4 sec. 34,
T. 17 N., R. 4 W.
Figure 13.
Worn Corallum of Phillipsastrea b i l l in g s i  from 
Hamilton limestone of Rock Island County.
56
GENERALIZED SECTION.
From the foregoing sections which include a l l  of the 
Devonian strata that are exposed in Rock Island County, a gen­
era lized  section of the Devonian rocks in this area may be con­
structed. The lowest members of this generalized section, 
including a l l  the brecciated beds, are represented in the Cady 
Quarry exposure in  East Moline. The uppermost member of the 
Cady Quarry section, the Philiipsastrea zone, N0k, is  equivalent 
to £]_c, the same sone in  the M ill Creek section. Consequently 
the M ill Creek section beco^s a d irect upward continuation of 
the Cady quarry section. The uppermost member of the M ill 
Creek section Egp, which contains the numerous small shells of 
Atrypa re t icu lar is  is  equivalent to the lowest member of the 
Fancy Creek section Dgh, of which the topmost layer D,-a, repre­
sents the uppermost rocks of the Devonian system in Rock Island 
County.
The generalized section is as follows:
Feet In.
17. Hard, iron-stained, fine-grained, lime­
stone, containing numerous casts of 
Stropheodonta concava.............................  1 to 3
16. Iron-stained, s ligh tly  crysta lline , 
fine-grained, highly foss il i fe rou s  
limestone......................................................  1
15. Narrow band of hard, fine-grained,
highly fo ss il i fe rou s , limestone fu l l
of large coralla  of Zaphrentis sp.........  2
14. Dark-gray, hard, almost crysta lline 
stromataporoid limestone, containing 
many shells of Cranaena iowensis...........  1 to l-g-
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Feet In.
13, Banded black and gray, very hard limestone, 
with many corolla  of zaphrentis gigantea 
and cladopora sp........................................... 4
12. Gray, shaly and shelly, limestone, con­
taining numerous broad shells of Sp ir ifer  
i owens i  3.......................................................... 8
11. Gray, shaly and shelly, limestone, con­
taining numerous small shells of Atrypa 
r e t ic u la r is ..................................... .............  2 to 5
10. Gray, fine-grained, Acervularia
davidsoni coral reef limestone, com­
posed almost entire ly  of coralla of 
Acerbularia davidsoni, A lveo lites  
goldfussi, and Favosites alpenensis........ 2 to 3
9. Brown, coarse-grained, massive, lime­
stone bearing very few f o s s i l s ................. 4
8 . Brown, fine-grained, thin-bedded, sub­
crysta llin e , limestone distinguished by 
the large number of crinoid stems and 
bryozoa which i t  contains............................  5
7. Yellowish to gray, fine-grained, shaly, 
limestone in thin layers. Joint planes 
rather remote and quite perpendicular con­
taining rather abundant pelecypod fauna 
in upper portion...........................................  10
6 . Yellowish to dark-gray, impure, f in e­
grained, limestone, weathering rather 
eas ily . Jointing is characteristica lly  
oblique........................................................  9
5. Gray, thin-bedded, rather impure, limestone, 
weathering readily and containing numer­
ous fo s s i l s ..................................... 7 ............
4. Gray, fine-grained, so ft , shaly limestone
with very few f o s s i l s . . . ............................  2 to 3
3. Yellowish to dark-gray, impure lime­
stone, weathering readily and contain­
ing numerous f o s s i l s ................................. 2 to 3
2. Layer of very hard limestone containing 
many corolla of Phillipsastrea b i l l in g s i  
and other corals;designated P h i l l ip ­
sastrea horizon............................................. 2 to 3
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Feet In.
1. More or less brecciated, non-fossiliferous 
limestone, varying in color from ligh t-  
gray to dark-blue. Jointing in  unbrec- 
ciated portions varying from oblique to 
perpendicular. Some layers contain chert 
nodules, others c a lc i t e - f i l l e d  f is su res . . .  100
The aggregate thickness of the Devonian rocks in Rock 
Island County is thus shown by generalized section to be s ligh t­
ly more than 150 fe e t  of ?/hich the lower 100 feet are exposed 
only in  the Ca-dy quarry at East Moline.
DISCUSSION AND CORRELATION OF THE FAUNAS.
A study of the foregoing sections with their accompany­
ing faunal l i s t s  leads to a d iv is ion  of the Devonian strata in 
this area into several d is tinct zones which are characterized by 
d is tinctive  fo ss i ls  or fo s s i l  groups. These zones furnish one 
of the best bases fo r  the correlation of these strata with each 
other, and with Devonian strata in  other lo c a l i t ie s .
The lowest zone, the brecciated, almost non-foss ili-  
ferous zone, almost, i f  not quite, 100 feet in  vert ica l section, 
comprises the greatest thickness of strata. This brecciated 
character is so characteristic that there can be no question 
concerning the correlation  of these strata with the Fayette brec­
cia in adjoining portions of Iowa, of which i t  is the eastern 
extension, even though no fo ss ils  are present to substantiate 
the correlation.
Above this brecciated zone the Phillipsastrea zone,
2 to 3 fee t thick, is  the f i r s t  of the strata to possess a rich 
fo s s i l  fauna. Associated with Phillipsastrea b i l l in g s i  are at
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least ten species of compound corals and several species of 
simple corals. The presence of so many corals indicates that 
conditions must have been exceedingly favorable to coral l i f e  
while they were forming the ree f.  A number of brachiopods are 
also found in this zone, and likewise 2 or 3 gasteropods, of 
which the most characteristic is Bellerophon pelops.
Immediately above the Phillipsastrea zone is a zone 
2 or 3 feet thick, of varied and numerous brachiopod shells of 
which none are particu larly  d is t in c tive , though Productella 
subalata is more numerous in  this zone than in  any other. The 
fo s s i l  content of these strata indicates that conditions were 
conducive to an abundant and varied development of ocean 
l i f e  during the time of deposition of these strata.
Following the preceding zone is a band of limestone 
2 or 3 feat thick in  which there are very few fo s s i ls ,  the ocean 
conditions at that time apparently being unfavorable to l i f e .
Subsequent to this period of paucity of l i f e  a great 
rev iva l of l i f e  occurred in  the seas in which these deposits 
were la id  down, and an abundant and varied fo s s i l  content is 
represented in  the zone of limestone formed during the period. 
S p ir ife r  euryteines, Sp ir ifer  iowensis, and S p ir ifer  subvarico3us 
are particu larly  numerous.
Following this zone of great d ivers ity  of fo s s i ls ,  
a zona, 10 fee t thick, characterized by the comparatively large 
number of pelecypods is distinguished,
A zone 5 fee t thick,conspicuous for the many bryozoa 
and broken crinoid stems contained in  i t ,  succeeds the pelecypod
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zone, and this is in  turn succeeded by a 3-foot layer in which 
there are but few fo s s i ls  of any kind.
The next d is tinc tive  faunal zone in  the section is the 
zone known as the Acervularia davidsoni reef, containing besides 
Acervularia davidsoni, A lveo lites  goldfussi, and Favosites a l-  
penensis, and which forms one of the best and most persistent 
horizon markers in  the Devonian series in  this area; the only 
other so d is tinc tive  is the Phillipsastrea zone. The Acervularia 
davidsoni reef is 2 to 3 feet thick.
Above the Acervularia davidsoni reef the zone of numer­
ous small shells of Atrypa reticu laris  follows immediately. In 
places the limestone comprising this zone is  composed almost 
en tire ly  of these shells. This zone has a maximum thickness of 
5 fe e t .
Superjacent to this zone of small shell* of Atrypa 
ret icu laris  is a narrow zone, only 8 inches thick, of fine-grained 
limestone containing numerous, well-preserved large shells of 
Sp ir ifer  iowensis,
A tliin band, only about four inches thick, containing 
many coralla of Zaphrentis gigantea and Cladopora species, suc­
ceeds the zone of Sp ir ifer  iowensis,
A d is tinc tive  stromatoporoid limestone in  which are 
embedded many shells of Cranaena iowensis l ie s  immediately above 
the preceding zone, and constitutes a d is t in ctive  stromatoporoid 
zone 1 to 2 fee t thick.
A second zone of large simple corals, a large species 
of Zaphrentis, is conspicuous wherever the upper strata of the 
Devonian limestones are exposed. The zone is but two inches in
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thickness but is quite d is t in ctive .
The uppermost faunal zone in  the series is that of 
Stropheodonta concava, large moulds of which are numerous between 
the beds of the uppermost two members of the generalized Dev­
onian section.
The var ie ty  in  composition and character of the faunas 
of these zones indicates fluctuation in conditions during the 
deposition of the sediments which form the strata of the Dev­
onian rocks of this region. This fluctuation must have been 
within the lim its of conditions favorable for  limestone forma­
tion, since the entire Devonian system in this region is made up 
of limestones.
LIST OF FOSSILS.
A l i s t  of the fo ss i ls  collected from the Devonian strata 
in Rock Island County is given in fu l l  below. The names of 
those which occur in  the Devonian of Iowa are .indicated by "x" 
in the f i r s t  column; those which occur in Jackson and Union 
counties by an "x" in the second column; those which occur in 
New York and the eastern province of the Hamilton by an "x" 
in the third column; those which occur in Wisconsin by "x" in 
the fourth column; and those which occur in  Jersey and Calhoun 
counties, I l l in o is ,  by an "x" in the f i f t h  column.
The l i s t  of fo s s i ls  occurring in  the Devonian strata of 
Iowa was compiled from the reports of the Iowa Geological Survey, 
and since their reports are not especia lly  paleontological, the 
l i s t  is probably incomplete; that of the fo ss ils  of Jackson and 
Union counties, I l l in o is ,  from unpublished l is t s  furnished
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by Professor Savage; that of the fo ss i ls  from New fork and the 
Eas-tern Province of t ie  Hamilton from State Reports and various 
other sources; that of the fo ss i ls  from Wisconsin from Cleland’ s^ 
report of 1911; and the l i s t  from Jersey and Calhoun counties 
from an unpublished thesis by J. G. Hutton.
1 3
Astraeospongia hamiltonensis Meek and
Worthen..................     x
Caunopora incrustana Hall and
W h itf ie ld .......................................x
Stromatopora sp.........................................
Stylodictyon expansum Hall and
W h it f ie ld .....................................  x
3 4 5
x
Acervularia david3oni Edwards and
Haime...................................   x
Acervularia profunda H a l l . . . . ................. x
A lveo lites  goldfussi B i l l in g s ................. x
Amplexus sp............. ..................................
Ceratopora sp.............................................
Cladopora crytodens B i l l in g s ................... x
Cladopora p ro l i f ic a  Hall and
W h itf ie ld ..................................... ....
Cladopora palmata Hall and W h itfie ld ., x
Craspedophyllum archiaci B i l l in g s ........x x
Cyathophyl’lum sp..................................... .
X X X
X
X X
X X
X
Cystiphyllum c f.  americanum
Edwards and Haime.......................x x x x x
Favosites alpenensis Winchell............... x x x
(1) Cleland, H. F ,, Wisconsin Geol. and Nat. Hist. Survey, 
Bull. No. XXI, 1911. The fo ss ils  and stratigraphy 
of the Middle Devonian of Wisconsin.
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1 2  3
Favosites placenta Rominger.................  x x
Heliophyllum h a l l i  Edwards and Haime. x x x
Ph illipsastrea b i l l in g s i  Calvin.......... x
Streptelasma rectum H a ll ....................... x
Streptelasma simplex H a l l ....................  x
Striatopora rugosa H a l l ........................  x
Zaphrentis gigantea Lesueur.................  x
Zaphrentis sp...........................................
Spirorbis angulatus H a l l . ..................... x
Cyclotrypa co llina  U lr ich ..................... x
Cyclotrypa communis U lr ich ................... x
Cystodictya hamiltonensis U lr ich ........ x x
Eridotrypa appressa U lr ich ................... x
Euspilopora barris i U lr ich ................... x
FeneStella vera U lr ich ..........................  x
Fenestrapora occidentalis U lr ich ........ x
Fistulipora astrica U lr ich ..................... x
Fistulipora monticulata U lr ich ...........  x
Hederella f i l i fo rm is  B i l l in g s .............  x
Hemitrypa tenera U lr ich ........................  x
Meekopora s t e l l i f e r a  Rominger............. x x
Orbignyella monticula White................. x
Orbignyella tenera Cleland...................
Petalotrypa compressa U lr ich ...............  x
Reteporina hamiltonensis U lrich.........  x
Rhombopora subannulata U lr ich .............  x
4 5
x
x
X
X
X
X
X
X
X
X
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1 2 3 4 5
Rhombopora s u lc i f e r a  U lrich .................... X •
Semicoscinium rhorabicum U lr ic h .......... . X X
Ambocoelia umbonata Conrad.................... X X
Athyris  fu lton en s is  Swallow.................. X X X X X
Atrypa h y s tr ix  H a l l .................................. X X X X X
Atrypa aspera o c c id e n ta l is  H a l l .......... X
Atrypa r e t i c u la r i s  Linnaeus.............. .. X X X X X
Atrypa spinosa H a l l .................................. X X X X
Chonetes sc itu lu s  H a l l ............................ X X X
Cranaena iowensis C a lv in ...................... . X X X
Cranaena rom ingeri H a l l .......................... X X X
Crania sheldoni W h ite . ............................. X X
Cyrtina hamiltonensis H a l l .................... X X X X X
Cyrtina hamiltonensis re c ta  H a l l . . . . . X X X X X
Cyrtina umbonata H a l l .............................. X X
Gypidula comis Owen................................... X X
L ingu lod isc ina  marginalia W h i t f i e ld . . X
Nucleospira  concinna H a l l ...................... X X X X
Nucleospira ven tr icosa  H a l l .................. X
Orbicu lo idea t e l l e r i  C le land ................ X
Orbicu lo idea wardi C le land .................... X
Pentamerella dubia H a l l . . ................ . X
Pho lidostroph ia  iowensis Owen.............. X X X X X
Productella subalata H a l l .................... X X
Pugnax sp...................... ...........................
Reticularia fimbriata Conrad............... X X X
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1 2 3 4 5
R e t ic u la r ia  subundifera Meek and.
Worthen .................................... ..... X X
Rhipidome11a vamxemi H a l l .................... X X X
Roemerella grandis Vanuxem................... X
Schizophoria s tx ia tu la  Schlotheim. . . . X X X X
Schuchertella  chemungensis C on rad .. . . X X
S p i r i f e r  asper H a l l .................................. X X X X
S p ir i f e r  b iraes ia lis  H a l l ........................ X X
S p i r i f e r  euryte ines Owen........................ X X X
S p ir i f e r  iowensis Owen.............. ............ X X X
S p ir i f e r  subvarieosus H a ll  and
W h i f ie ld ......................................... X X X
Stropheodonta concava H a l l .............. .. X X X X
Stropheodonta dernissa Conrad................ X X X X X
Stropheodonta perplana Conrad.............. X X X
Bellerophon pelops H a l l .......................... X X
Phanerotinus exiguus K i n d l e . . . . . ........ X X X
P la tyceras  dumosum Conrad................... .. X X X
Pleurotomaria lucina H a l l ...................... X
Ten tacu lites  b e llu lu s  H a l l .................... X X X X
A c t in op te r ia  decussata H a l l .................. X X
Avicu lopecten  sp ........................................
Conocardium cuneus, v a r .  altum, Keyes X X
C ypr ica rde lla  b e l l i s t r i a t a  C on rad ,. . . X X X
C ypricard in ia  indenta Conrad................ X X X X X
Edmondia sp..............................................
Goniophora sp 
Modiola sp ...
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Modiomorpha concentrica Hall 
Mytilarca trigonale Cleland. 
Mytilops praecedens H a l l . . . .  
Paleoneilo c f .  plana H a l l . . .  
Paracycla3 e l l ip t ic a  H a l l . . .  
Paracyclas l ira ta  Conrad....
Pterinopecten sp............. .
Ptychopteria sucrate H a l l . . .
Ptychopteria sao H a ll ...........
Sphenotus sp............................
Gomphoceras ajax H a ll...........
Gyroceras p ra t t i  B arr is .......
Dalmanites barrisi H a ll ........
Phacops rana Green.................
Proetus c f .  occidens H a l l . . .
1
x
X
2 3
x
X
X
4
X
X
5
X
X
X
X X  X X
X X  X X
X
X
X X
X X
X
X X X X X
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Figure 14.
Paleogeographic map showing the d is­
tribution ot land and sea over North America 
during late Hamilton time. The lined areas are 
thought to have been covered by the sea while 
the unshaded portions were land. (A fter  Schuchert)
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. conclusion.
A study of the preceding l i s t  of fo s s i ls  found in the 
Devonian strata in Rock Island County leaves no doubt that 
they are more closely related to the fauna of the Dakotan or 
Northwest province of the Hamilton d iv is ion  of the Devonian 
than to the New York or Eastern province. Of the to ta l 
number of 97 species determined, 81, or 83 percent, are found 
in the Dakotan province, and of these 81 species, 42, or 51 
percent are found exclusively in this province. Of the 55 
species occurring also in the Eastern province, a l l  are wide-
i >
5 * ' O r  ; j  i ' n  ... * a .  ■
spread forms, and have a general d istribution, none being 
d is t in c t iv e ly  Eastern species. Of the ’’Standard l i s t  of 
dominant species for the New York-Ontario province” (Eastern 
Middle Devonian) which Williams-1- has established, only two, 
Phacops rana, and Ambocoelia umbonata, occur in the Dakotan 
province, and both of these are cosmopolitan forms.
Of the 41 species l is ted  by Hutton from Jersey and 
Calhoun counties 35, or 87 percent are found in  the Rock Island 
County Devonian strata, while only 25, or 16 percent of the 
151 species l is ted  by Savage from the Hamilton strata of Jackson 
and Union counties of southwestern I l l in o is ,  are found in the 
Rock Island County strata, and nearly a l l  of the 151 species are 
of the Eastern province. Therefore the close relationship 
of the Devonian strata of Jersey and Calhoun counties and those
(1) Williams, H. S. Am. Jour. Sci. vo l. XIV, 4th ser.
1902,
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of Rock Island County to those of the Dakotan province is con­
clusive evidence that both belong to this province, of which 
they constitute the southward and eastward extension, while 
the s im ilar ity  of the fauna of the Devonian strata of Jackson 
and Union counties to that of the New York or Eastern province 
unquestionably determines that they form a part of that province. 
'The land barrier shown as extending across west-central I l l in o is  
in Schuchert’ s paleographic map of late Hamilton time^and known 
as the Kankakee axis, separated the basin in  which the deposits 
of the Eastern province, including Union and Jackson counties 
in southwestern I l l in o is ,  were la id  down, from the basin in 
which the Hamilton strata of Rock Island, and Jersey and Calhoun, 
counties were deposited.
The fauna of the Wisconsin Hamilton is a mixture of 
those of the Eastern and of the Northwest or Dakotan provinces. 
These forms lived  in  an arm of the sea in  which the waters o f 
the two basins mingled. Only 36 or 37 percent of the 97 species 
found in  Rock Island County also occur in Wisconsin ani of these 
36 species, 19, or 52 percent occur only in the Dakotan province, 
while 17, or 48 per cent occur in both provinces.
The Hamilton strata of the D&kotan province in  Rock 
Island County comprise equivalents of the Wapsipinicon and 
Cedar Valley stages of the Hamilton in Iowa. A l l  of those 
strata below and including the Phillipsastrea bed are the 
equivalent of the Lower and Upper Davenport divisions of the 
Wapsipinicon stage of the Iowa strata, the l ith o lo g ica l char­
acters, of which brecciation is the most conspicuous, and the
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stratigraphic position of these equivalent strata being the basis 
of correlation. The Hamilton strata in Rock Island County above 
the leve l of the Phillipsastrea bed, are l i th o lo g ica l ly  and 
faunally similar to the Cedar Valley strata of Iowa, and may be 
correlated with certainty with the rocks of that stage.
According to Hutton's unpublished thesis, the lime­
stone of Jersey and Calhoun counties, I l l in o is ,  are of the 
same age as those of the Cedar Valley stage in Iowa lying be­
tween the Stromatopora ree f, and the Acervularia davidsoni zone. 
Consequently they may be correlated with the equivalent portion 
of the Rock Island County section. The upper portion of the 
Rock Island County strata may likewise be correlated with the 
Hamilton limestone of Missouri, which corresponds in time with 
the rocks of the Cedar Valley stage in Iowa.
The Rock Island County Devonian limestones are a con­
tinuation of the Wapsipinicon and Cedar Valley beds of the Iowa 
extension of the Dakotan province of the Hamilton, and represent 
the same period and the same conditions of deposition.
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THE FAYETTE BRECCIATION.
INTRODUCTION.
'The wide extent of the Fayette Breccia in this eastern 
extension of the Dakotan province in Iowa and I l l in o is  makes i t  
deserving o f particular attention. The theories which have been 
advanced for i t s  formation seem hardly adequate; in fact no theory 
or combination of theories proposed up to this time w i l l  explain 
the peculiar character and extensive d istribution of the forma­
tion.
The paucity of litera tu re  in  American Geology upon the 
subject of brecciation is mo3t noticeable when careful search 
is made for i t  with such an object in view as f in i in g  an explana­
tion for  the orig in  and extent of the Fayette breccia. I t  seems 
quite desirable, therefore, to discuss at some length, and in 
considerable d e ta il,  the general subject of brecciation and i t s  
phenomena, and the explanations for them, before considering the 
Fayette breccia.
DEFINITION OF BRECCIA.
A breccia is a rock composed of angular fragments set 
in a matrix which binds them together, as by a cement. The 
matrix may be abundant or scanty, constituting the greater por­
tion of the rock, or a very small part of i t .  Breccia is d is­
tinguished from conglomerate in that in the former the fragments
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are angular instead of rounded; but since there is a continuous 
gradation from one to the other the d istinction  may not be sharp­
ly defined. The fragments of a conglomerate have been sub­
jected to the abrasive e ffec ts  of transportation by wind, water, 
or other agents, as their distinguishing character (roundness) 
shows, while the fragments of a breccia, from the time they were 
produced until they were consolidated have not been moved fa r , 
i f  at all, from their or ig ina l position.
KINDS OF BRECCIA.
Included within the de fin it ion  of breccia are many 
c la s t ic  rocks o f which the orig in  or manner of formation d if fe rs  
widely. Any scheme of c la ss if ica t ion  has an undue appearance 
of distinctness and accuracy, because the d iffe ren t kinds of 
breccia are not d e fin ite ly  lim ited. They grade into each other, 
_both in character and mode of formation. The fragments may 
be of similar composition and texture in  breccias formed by 
wholly d iffe ren t methods. The cementing material may likewise 
be similar in  breccias of variable or ig in . Because of these 
fact3, even the mo3t general c la ss if ica t ion  w i l l  be fau lty .
The following c lass if ica t ion , based upon method of formation, 
and in minor d iv isions, upon orig in , is presented as an outline 
by which the various kinds may be defined.
1. Autoclastic.
1. Deformation.
1. Dynamic.
1. Fault or Thrust.
2. Fold.
2. Concretion.
3. Autogenous.
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2. Solution.
2. Xenoclastic.
1. Terrestr ia l.
1. Sedimentary.
1. Inorganic -  A llu v ia l Fan
Deposits, etc.
2. Organic -  Bone-breccia, etc.
2. Talus or Scree.
3. Volcanic -  Agglomerate and Tuff.
2. Aqueous.
1. Sedimentary.
1. Inorganic -  Delta Deposits, etc.
2. Organic -  Crinoidal, Coral,
Shell, e tc .
2. Talus,
3. Volcanic -  Tuff.
AUTOPLASTIC BRECCIAS.
Autoclastic breccias are those breccias in which the 
fragments cemented together have moved but a short distance from 
their or ig ina l position, or sometimes have even barely changed 
the orientation of their parts. The terra "autoclastic" was 
f i r s t  used by H. L. Smyth.1 in discussing the structure of cer­
tain schists in  the Steep Rock series of Steep Rock Lake, Ontario. 
His de fin it ion  of "autoclastic" schists is ,  "schists formed in  
place from massive rocks, by crushing and squeezing, without in­
tervening processes of d isintegration or erosion, removal and 
deposition" . Recognizing in this term a needed and appropriate 
addition to geological terminology, Van Hises adopted i t  in his 
"Principles of North American Pre-Cambrian Geology", and applied 
i t  to a l l  rocks which have been affected in  the same manner as 
have the Steep Rock schists of Smyth.
(1) Smyth, H. L ., Am. Jour. Sc i.,  3rd ser., vo l. XLI, 
1891, p . 331.
(2) Van Hise, C. R., Principles of North American Pre- 
Cambrian Geology, p. 679.
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The significance of the term may be best comprehended 
by quoting from Van Hise's'*' discussion of autoclastic rocks:
"When rocks are folded by strong organic forces, and they are 
not so heavily loaded as to render them p lastic , they are f r e ­
quently broken into fragments, and "autoclastic" rocks are pro­
duced. The autoclastic rocks which readily show their origin 
may be called dynamic breccias, and those which resemble ordinary 
conglomerates may be called psuedo-conglomerates. B r it t le  rocks 
are the most l ik e ly  to become autoclastic; hence i t  is that cherts 
quartzites, cherty limestones, graywackes, and rather siliceous 
slates are some of the kinds which most frequently present the 
phenomena described.
"The zone in which autoclastic rocks may be produced 
is confined to the outer 10,000 meters of the earth's crust, 
and the formation of widespread autoclastic rock is probably 
limited to the outer 5,000 meters. At a depth greater than the 
larger number, the pressure in  a l l  directions exceeds the crush­
ing strength of any rock, and therefore i f  i t  were possible for 
crevices to form, such as are necessary to produce brecciation, 
they would be almost immediately closed by flowage. Consequent­
ly > at great depths i t  is to be supposed that no crevices form 
in the rocks as the result of dynamic movements, and therefore 
that no breccias are produced.
"From the foregoing i t  follows that autoclastic rocks 
may develop whether the formations concerned are homogeneous or 
heterogeneous.____ Also that they may develop whether the beds
(1) Van Hise, C. R., Principles of North American Pre- 
Cambrian Geology, pp. 679-680.
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are a l l  within the zone of fracture for  a part of them, and. in 
the zone of flowage for  the other part. In the f i r s t  case, 
dynamic breccias are l ik e ly  to form. In the second case, only 
the stronger rocks are broken, the fragments being buried in 
the members which flowed, and psuedo-conglomerates are frequent­
ly formed.
"Autoclastic rocks are not l ik e ly  to develop from 
shales and limestones, but i f  near enough to the surface, even 
these rocks may be breccia ted. As a consequence of organic 
movements, in  the zone of combined fracture and flowage, where 
the alternate layers are thick, the shales and limestones may 
flow and the cherts and quartzites become brecciated. The 
brecciated and non-brecciated layers under these circumstances, 
may not become mingled to any considerable degree. Thus we 
may have a set of autoclastic breccias in te rs tra t i f ied  with 
layers which show no sign of brecciation. I t  may be that the 
p lastic  layers, as a result of the stress, may be minutely 
corrugated. The movement of the broken partic les in the r ig id  
layers against the crests and troughs of the folds may have trun­
cated them. We might then have psuedo-conglomerates resting 
upon folded truncated layers, and i t  might be concluded that 
there is a structural break between the two, the inference being 
that one formation was folded and truncated before the overlying 
c las t ic  formation was deposited upon i t " .
The term, however, is legitim ately applicable to more 
general phenomena than the very restr ic ted  use to which Van Hise 
puts i t .  Any breccia formed by dynamic or other forces, in 
which the fragments are but s ligh t ly  displaced, may just as aptly
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be termed autoclastic. In this broader sense, a l l  deformation 
breccias, and solution breccias as w ell, may be c la ss if ied  as
autoc lastic .
DEFORMATION BRECCIAS: The breccias produced by
dynamic forces, and the forces of concretion, may be c lass if ied  
as 'deformation breccias. Nor is i t  extending too much the mean­
ing of "deformation", to include under i t  those breccias formed 
by the cementing of fragments spontaneously or otherwise pro­
duced in the surface layers of indurating sediments. Deforma­
tion breccias are numerous and extensively distributed.
DYNAMIC BRECCIAS: Dynamic breccias are perhaps the
best known of a l l  breccias, as they are probably the most exten­
s ive ly  distributed. They are most frequently found in  regions 
of crumpled and folded strata, where diastrophic forces have, 
by the strains and stresses to which they subject the rocks they 
a f fe c t ,  produced various degrees of fracture and displacement.
In fact one of the important c r ite r ia  of the movement of rocks 
upon one another is the presence of a brecciated zone indicating 
the plane of movement. The fracture resulting from such move­
ment is dependent upon the extent and character of the displace­
ment, the character of the rock a ffected , and the weight o f the 
overlyipg load. Should the force produced by the overlying 
load exceed the lim it beyond which fracture is impossible, flow- 
age results and no fragments are produced, as Van Hise has ably 
explained. In the zone of fractu.re, however, the rock w i l l  be 
more or less shattered by forces causing fau lting, thrusting,
and fo ld ing. Dynamic breccias, then, are breccias formed by
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Figure 15#
Jasp ilite  breccia from Negaunee 
formation, Lake Superior region, showing 
fracture of harder strata in folds where 
more p lastic  strata flow. (A fter Van Hise).
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the cementing of fragments produced by these forces of fau lting, 
thrusting and fo ld ing. The cementing material or matrix may 
be of any composition and character; i t  may be a deposit from 
percolating water, i t  may be an intrusion of igneous magna, or 
a precip itate from juvenile f lu ids , or i t  may be some of the 
rock i t s e l f ,  f in e ly  comminuted.
FAULT OR THRUST BRECCIAS: The d istinction  between
fau lt and thrust breccias is merely one of difference of re la tive  
d irection of movement in the rock-masses producing the fragments. 
In both, the fragments may be extremely fractured ana crushed 
and considerably displaced where the movement has been complex 
and extensive; or the fracture and movement may be inconsiderable. 
A l l  gradations may be found. A breccia similar to these and 
embraced within the thrust breeds is the "crush" breccia along 
jo in ts .
These breccias are of interest because the cementing 
material is , in  many instances, a mineral that is valuable, and 
the breccia becomes an ore of varying richness according to the 
re la t ive  amount of cementing material i t  contains. I t  is  along 
fau lt ,  thrust, and jo in t planes that magmatic and meteoric waters 
and pneumatolytic gases and vapors, often heavily laden with 
minerals in  solution, find their path of least resistance, and 
on their passage deposit part or a l l  o f their mineral load.
Often the fragments of the breccia themselves and the walls of 
the thrust or fau lt zone are more or less replaced by the con­
tents of these f lu ids .
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Figure 16.
Jasp ilite  breccia from Negaunee fo r ­
mation, Lake Superior Region, showing great 
displacement and disarrangement in fragments 
of shattered folds of harder strata.
(A fter  Van H ise ).
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FOLD BRECCIAS: Fold breccias are breccias in which the
fragments have been produced on the crests of anticlines where the 
tension becomes too great for the rock masses to withstand.
Usually in these breccias the fragments are but s ligh tly  removed 
from their or ig ina l position, though they may be much disarranged.
In the zone of combined fracture and flowage the frac­
tured portions may then be cemented by material in a p lastic  con­
d ition  of the same composition and formation, which f i l l s  up the 
in terstices between the fragments. The most plausible explana­
tion of the formation of many intraformational breccias is per­
haps this one for  fo ld  breccias. The Fayette breccia discussed 
in this paper is probably best explained on the assumption that 
i t  is  an intraformational fo ld  breccia, some of which may perhaps 
have been formed in  the zone of combined flowage and fracture which 
in  this case of almost homogeneous strata would be comparatively 
narrow. Since the strata forming the Fayette breccia have never 
been buried very deeply, they must have been very l i t t l e  in­
durated, though b r i t t l e ,  to have been shattered so at shallow 
depth. Rock layers which by their folding are released from 
the zone of flowage and enter the zone of fracture may be more or 
less shattered along planes which are neither fau lt or thrust 
planes, and later become cemented by materials other than those 
produced by flowage.
CONCRETION BRECCIAS: Concretion breccias are those
breccic.s formed from fragments produced in  rocks which are in 
contact with concretions, by deformation resulting from the energy 
of the process of c rys ta ll iza t ion  of the materials constituting 
the concretions, due to a change in  volume through accretion or
'---------------
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Figure 17.
Near view of a so-called "crush” brecc ia  
i l lu s tra t in g  e f fe c t  of fo ld ing. (Iowa Geol. Survey).
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chemical change.
These breccias are not common. They might well be in­
cluded in the c lass if ica t ion  under dynamic breccias, but because 
of their unique character and because the force producing them 
is  loca l, they are separated in a class by themselves.
Dalyl ca lls  attention to the deformation of the shales 
on a l l  sides of calcareous concretions at Kettle Point, Ontario, 
and concludes that i t  antedates the period of jo in t development 
and f in a l  consolidation of the shales.
AUTOGENOUS BRECCIAS: Autogenous breccias have not been
thoroughly investigated nor are their character, method of forma­
tion, or geological significance well understood. I t  is believed 
that they are formed from sedimentary deposits being la id  down 
under water and exposed from time to time during induration, by 
u p lift in g  of the bottom upon which they are forming, or withdraw­
al of the sea from the area. During the time of the emergence 
of the deposits, they are fractured by atmospheric or chemical 
agents, by waves, by ice, or by insolation. Upon subsequent 
submergence, the fragments are cemented by precipitate from the 
water or by sediment washed in upon them. Consequently they 
may extend over considerable area, and through no s light v e r t ic ­
a l range, particu larly  i f  the movement of exposure and submerg­
ence has been osc il la to ry . Some of the Fayette breccia appears 
to have been formed in this manner.
( l )  Daly, Reginald, Jour. Geol., vo l.  V I I I ,  No. 2, 
pp. 135-150. The calcareous concretions of 
Kettle Point, Lambton County, Ontario.
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SOLUTION BRECCIAS: Solution breccias are not uncom­
mon in  regions of rocks soluble in  underground waters, as lime­
stone. In a region o f jointed or fractured rock, the water 
finds its  passage along the jo in t and fracture planes, and where 
the rock is soluble, i t  is  gradually dissolved along these planes. 
Cavities of variable extent are formed and fragments are loosen­
ed, which f a l l  into the cav it ies , and subsequently are cemented 
to form the breccias. These breccias have frequently been found 
in  mines, the ore being richest in these brecciated zones, es­
pecia lly  where i t  forms the matrix or cementing material. Numer­
ous examples of these breccias are found in  the lead and zinc 
mines of I l l in o is  and Missouri.
XENOCLASTIC BRECCIAS.
Xenoclastic breccias are those breccias in  which the 
fragments cemented together have been displaced by gravity, wind, 
water, or like forces, a considerable distance from their orig inal 
position, and promiscuously assembled before consolidation. The 
term denotes that the consolidation occurs at some place foreign 
to the lo ca lity  of fracture. Though the term has not been used 
before, at least not in this sense, i t  seems to supply the need 
for  a term to designate these rocks properly.
The xenoclastic breccias have given to the stratigrapher 
and the structural geologist clues to the solution of many obscure 
problems rela ting to the climate, l i f e ,  and physiography of past 
g'eologic ages. The character, position, and distribution of 
the various kinds of xenoclastic breccia are generally so def-
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in ite  as.to be readily interpreted and their significance easily 
comprehended.
The classes of these xenoclastic breccias are not a l l  
d is t inct since in some instances they grade into one another.
The d is tinction  between te r re s tr ia l  and aqueous breccias is one 
merely of place of formation; and consequently classes under one 
have corresponding classes under the other. The volcanic breccias 
however, are d is tinct from the others in  the matter of their 
or ig in .
TERRESTRIAL BRECCIAS: Xenoclastic breccias formed
under land conditions are c lass if ied  as te r re s tr ia l .  The pro­
cess of formation of these breccias is well understood, for  i t  
can be observed in progress at the present time. Some of them 
have been formed more or less extensively in  nearly every past 
geological period, with similar characteristics in a l l ,  and con­
sequently possess much the same sign ificance. The access ib ility  
o f these breccias in modern formations makes them convenient for 
study, and the facts observed concerning them, render mors easy 
the interpretation of analogous aqueous processes, both of the 
present time and of the past. Terrestria l breccias are divided 
into three classes, i . e . ,  sedimentary, talus orscree, and vo l­
canic, according to the method of formation.
SEDIMENTARY BRECCIAS; Sedimentary breccias include 
such rocks as are formed from unassorted, littie-rounded frag­
ments transported short distances by streams and deposited as 
a llu v ia l fans, va lley  trains, and outwash slopes, and subse­
quently cemented and consolidated. These are re la t ive ly
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unimportant in  number and distribution, but s ign ificant in inter­
pretation of geologic processes. When bones of animals are as­
sembled in this manner or by other means, becoming a considerable 
part o f the rock in  which they are formed, the rock is known as 
bone-breccia, important economically as f e r t i l i z e r ,  and paleon­
to log ica lly  as a repository of fo s s i ls .
TALUS OR SCREE BRECCIAS: The term talus breccia is
now commonly used in  America; the term scree breccia in England, 
with the more lim ited significance that i t  is formed under land 
con iitions. Talus, or scree, breccias are formed from the cement­
ed fragments of talus collected at the foot of c l i f f s  and steep 
slopes. The talus or rubble is ch ie fly  due to the degradation- 
a l action of frost in  high altitudes in polar and temperate 
regions, and mainly to insolation in low latitudes. Good ex­
amples are found in both the Appalachian and Rocky mountain 
regions of America, where these fragments are being cemented, 
usually by calcium carbonate, at the foot of c l i f f s  and crags.
The te r re s tr ia l  talus, or scree breccias, do not occur 
so frequently as t e corresponding aqueous breccias, but they 
have doubtless been formed in every geologica l age in which the 
land areas have been elevated in su ffic ien t r e l i e f  for the fo r ­
mation of steep slopes and c l i f f s .  At any rate, the discovery 
of a te r re s tr ia l  talus breccia in  any formation, is  prima facie 
evidence that abrupt slopes prevailed at the time of their fo r ­
mation and consolidation.
VOLCANIC BRECCIAS: Volcanic breccias are consolidated
masses of angular blocks of lava, with which may be intermingled 
fragments o* sedimentary rocks, which the volcano, from which
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the lava was ejected, has torn o f f  from the sides of i ts  chimney. 
Or the fragments may be formed by the fracture of the hardened 
and cooled surface of the molten mass, into which the hardened 
fragments are incorporated to form the breccia. The fragments 
in  the la tte r  case are usually large. In the former case the 
cementing material may be of igneous orig in  (subsequently -  e je c t­
ed matter) or i t  may be a precipitate or sediment from water run­
ning over or through the mass of fragments.
In the immediate v ic in ity  of the volcanic vent, the 
fragments are of a l l  s izes. As the distance from the vent in­
creases, the smaller the accumulating fragments become, until 
at a great distance the fragments become roughly assorted by the 
a ir  and consequently often quite d is tinctly  s t ra t i f ied .  The 
coarser masses nearest the volcano form volcanic agglomerate, 
a very coarse breccia, while the finer fragments at the greater 
distance form tu ff or tufa, a breccia of very small fragments. 
Between the two, there may be a regular and continuous gradation. 
In the s tr ic tes t  sense, a volcanic agglomerate is the cemented 
mass of angular blocks and fragments accumulated in the crater 
and duct of a volcano. Volcanic breccias have been found in 
nearly every geological period, but more frequently in some where 
volcanic a c t iv ity  was at a maximum, as in  the Newark series of 
the Triassic period. The climax of vulcanism in North America 
was probably reached during the Tertiary period, when great 
portions of the area of the western United States, Mexico, and 
Canada, were covered by deep lava flows.
87
AQUEOUS BRECCIAS: Aqueous breccias are xenoclastic
breccias formed under water. These subterranean elastics  d i f fe r  
but l i t t l e  from the corresponding subaerial breccias, except in 
the one matter of the place of their formation. Their s ign i­
ficance is even greater in  the interpretation of geological 
history and processes, but they cannot be so easily  studied.
They are formed in  water so deep that the fragments of which they 
are composed are not worn and rounded by wave action prior to 
consolidation.
SEDIMENTARY BRECCIAS. Aqueous sedimentary breccias 
do not d i f fe r  more in  character from te r re s tr ia l  sedimentary 
than delta^ deposits d i f f e r  from those of a l lu v ia l fans. Con­
solidation  may take place more rapidly and more generally, but 
the ultimate result is quite similar. As in  the case of similar 
te r re s tr ia l  formations, organic remains, as shattered brachiopod, 
gastropod, or other shells, crinoid stems, or corals, may be so 
abundantly distributed as to give r ise  to d is tinctive  breccias.
TALUS BRECCIAS: Of a l l  the xenoclastic breccias,
none are more common throughout geological formations than the 
aqueous talus breccias. They are formed at the base of steep 
shore lines where the water is deep enough to permit of accum­
ulation of the fragments on the sea bottom and their consolida­
tion without being worn to the roundness of conglomerate pebbles. 
The pounding of the waves on a high, steep, rocky shore breaks 
the rocks up into fragments of variable dimensions. To the 
structural geo log ist and the stratigrapher these aqueous talus 
breccias indicate a shore line of a sea that perhaps ages ago
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ceased to ex ist; a shore line that was quite high and steep and 
bordered by water of no l i t t l e  depth. Many such breccias have 
been found.
VOLCANIC BRECCIAS; Aqueous volcanic breccias are 
similar in  character to those of te r re s tr ia l  orig in . The tu ffs 
are p ractica lly  the only class of these that are formed however, 
and since their occurrence is so rare, they possess l i t t l e  geo­
log ica l s ignificance.
INTRAF0RMAI1QNAL BRECCIAS.
A general discussion of brecciation would not be com­
plete without some consideration of intraformational breccias. 
Though not by any means common, intraformational breccias are 
not rare, and possess great interest to the geologist because 
of their character and method of formation.
Walcott1s1 de fin it ion  of an intraformational conglomer­
ate may be adapted with s ligh t modifications, to a breccia of 
the same character. The de fin it ion  then becomes, '’An in tra f or­
mational breccia is one formed within a geologic formation of 
material fractured, shattered, and cemented within that formation." 
Walcott also states that intraformational breccias "have a wide 
geographic d istribution, and owe their origin  to local disturb­
ance within the beds a ffected , without presupposing elevation 
above sea le v e l ,  and erosion".
(1) Walcott, C. D., Bull. Am. Geol. Soc., vo l. V, 1894, 
p. 192.
Bull. U. S. Geol. Survey No. 134, 1896, pp. 34-40.
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Intraformational breccias may be either of the classes 
previously described as fo ld  breccias and autogenous breccias. 
Concretion breccias might also occur as intraformational breccias, 
but they do not-possess any particular significance because of 
that fact, as do the fo ld  and autogenous breccias. The la tter  
represent peculiar conditions of formation whenever they occur 
as intraformational phenomena, conditions which suggest to the 
geologist circumstances of the local climate and geography of 
the period during which they were formed.
Figure 18.
Map showing the distribution of Fayette brec­
cia in Iowa. The dark band in the eastern half of the 
state, represents the Wapsipinicon stage of the Devonian, 
of which the Fayette breccia forms a large part.
(Iowa Geol. Survey).
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THE FAYETTE BRECCIA.
ORIGIN OF NAME.
The Fayette breccia, which has been so much discussed 
by geologists who have worked in the Hamilton limestones of Iowa, 
was so named by McGee  ^ because i t  is typ ica lly  exposed in the 
great railway cut at the town of Fayette, in Fayette County, Iowa.
STRAT1GRAPH1C RELAY1ONS.
The formation constitutes the upper portion of the 
Wapsipinicon stage which (forms the lower part of the Middle 
Devonian in  Iowa, and which may be correlated in  time with some 
part of the lower portion of the Hamilton of New York. The 
Wapsipinicon stage and the Cedar Valley stage together represent 
the southeastward extension of the Hamilton of the Dakotan Pro­
vince. In some places in Iowa the Fayette breccia is made to 
include both the Lower and Upper Davenport beds, while in other 
lo c a l i t ie s  the name is confined to the Lower Davenport. This 
is  because of the fact that in  some lo ca l i t ie s  the Upper 
Davenport beds apparently have not been involved in  the breccia- 
tion and its  strata retain their or ig ina l unshattered condition.
The Wapsipinicon stage is composed of the Otis limestone 
at the base; the Independence shales, with which Norton rather
(1) McGee, W. J .,  The Pleistocene History of Northeastern 
Iowa; Eleventh Ann. Rept. U. S. Geol. Survey, 1891, 
p . 31S.
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hesitatingly correlates the Kenwood beds of Linn County; and the 
Fayette breccia in which he includes both the Lower and Upper 
Davenport beds at the top. The Wapsipiniccn terrane is exposed 
in its  entirety in  the gorge of the Wapsipinicon River. I t  rests 
uncomfortably upon the Silurian limestones, and is  overlain by 
the Cedar Valley limestones.
The Fayette breccia extends in  a continuous belt from 
the Northwest corner of Fayette County, Iowa, towards the south­
east to the middle of Rock Island County, I l l in o is ,  with two 
small isolated exposures in Bremer and Benton counties, Iowa, 
where a local upwarp has brought i t  to the surface. The counties 
o '  Iowa in which the Fayette breccia occurs are Fayette, Bremer, 
Blackhawk, Buchanan, Benton, Linn, Cedar, Johnson, Muscatine, 
and Scott. In I l l in o is  i t  is  found only in a small area in the 
west-central part of Rock Island County. Some parts of this 
be lt comprise the entire width of the belt of the Wapsipincon 
exposures, and i t  is in only a few places that the unbrecciated 
portions of this stage outcrop. In Pock Island County the 
exposures of the breccia are confined to the v ic in ity  of Rock 
Island and Moline, and to Case and M ill creeks not far from their 
confluence with Rock River.
DESCRIPTION.
In Rock Island County, the brecciation varies from 
the mere fracture of the strata in  fragments of various sizes 
which retain almost their or ig ina l position, to the crushing 
of the beds into snail fragments which are so displaced ard
Figure 19.
Fragment of Fayette breccia from Cady
quarry at East Moline. This specimen comes from 
near the top of the brecciated zone.
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promiscuously mingled together that they show no evidence of ever 
having formed continuous layers. Locally there are occasional 
unfractured, and apparently undisturbed, masses lying in the 
midst of the most brecciated beds.
The zone of brecciation in  this county comprises a l ­
most one hundred fee t of alternating layers of brecciated and 
unbrecciated limestone, the brecciated layers forming by far 
the greater part of the thickness. The bedding varies, some 
layers being but a few inches in  thickness, while others are 
massive, sometimes as much as three fee t thick. The color of 
the limestone varies from ligh t gray to brown, one or two of the 
layers being almost black. The texture also varies from ex­
tremely fine-grained lithographic stone to rather coarse-grained, 
occasionally somewhat sandy strata. Some of the layers contain 
interrupted bands of chert nodules; others are conspicuous for 
the veins of c rysta llized  ca lc ite  that f i l l  old fracture fissures. 
On the whole, though, the limestone is remarkably homogeneous, 
considering i ts  extent and bedding.
The fragments of the breccia in  the Rock Island ex­
posures are usually small, from less than one-half inch in d i­
mension up to four or f iv e  inches. They are fine-grained, dark 
gray limestone, breaking with conchoidal fracture, and often 
showing d istinct lamination planes. The matrix is nearly a l ­
ways similar in  character to the fragments, but in some places 
i t  is more argillaceous or siliceous as shown in weathered blocks. 
I t  also exhibits d istinct lamination planes in those outcrops 
where i t  is typ ica lly  exposed.
Figure 20
Fragment of Fayette breccia taken from
Mill Creek, near confluence with Rock River.
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The f i r s t  detailed description of these brecciated beds 
in  Iowa was given by McGee  ^ who wrote as follows: ’’Over a con­
siderable portion of i ts  terrane, the Cedar Valley limestones are 
singularly brecciated at one or more horizons. The best exposure 
of the breccia is in  a railway cutting 60 to 70 fee t deep at 
Fayette, where the brecciated beds are in te rs tra t i f ied  with beds 
of somewhat greater aggregate volume. Here, as in other cases, 
the breccia is  made up of angular fragments of l igh t drab or 
bluish argillaceous limestone of laminated structure ranging from 
a fract ion  of an inch to several inches in  diameter, sometimes 
sparsely and sometimes abundantly imbedded in  a bed of similar 
limestone; and the intervening non-brecciated beds are also simi­
lar to the fragments, though usually exhibiting the laminated 
structure more d is t in c t ly . B6*th fragments and matrix are some­
times fo ss il i fe rou s  and their fo ss ils  are identica l. The brec­
ciated beds are also,but less perfectly, exposed in the c l i f f s  
of the Volga River in the northwestern part of the same v i l la g e .
"The structure is  exhibited over an immense area.
The brecciation appears to be practica lly  coextensive with the 
Cedar Valley terrane."
Perhaps no better description of the Icwan Fayette 
breccia has been given than Norton's2 in the geology of Linn 
County, Iowa. For this reason the entire description is quoted.
(1) McGee, W. J ., The Pleistocene History of Northwestern 
Iowa: Eleventh Ann. Rept., U. S. Geological Survey, 
1891, p. 319.
(2) Norton, W. H., Fourth Ann. Kept., Iowa Geol Survey, 
v o l . IV, 1894, pp. 157-163.'
Figure 21.
Fayette breccia of Norton’ s f i r s t  phase 
from Granger's quarry, Central City, Iowa.
(Iowa Geol. Survey).
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"The breccia which succeeds the Kenwood beds in Linn 
county is undoubtedly part of the brecciated zone which extends 
along the eastern outcrop of the Devonion from Davenport at least 
to Fayette, at practica lly  the same horizon. In Linn county i t  
is  believed that the c las t ic  forces were at a maximum; the breccia 
is  thickest here and best displays i t s  characteristic phases.
In this county several d istinct l ith o log ica l and faunal stages 
are involved, which i t  may be well to state before giving in  de­
t a i l  any farther sections of i t .  The brown or buff, earthy, 
ferruginous and quartziferous limestones of the upper Kenwood 
not infrequently contain sparse, angular, limestone fragments, 
and pass upward into a breccia in  which the buff matrix is abund­
ant and often contains angular, siliceous sand. The included 
fragments are small and few. ■ -This constitutes the f i r s t  and 
lowest stage.
"A second stage is  that in  which drab fragments, usual­
ly small, constitute the bulk of the breccia, the softer buff 
or grey matrix being for the most part in t e r s t i t ia l .  The frag­
ments are composed of a hard, dense limestone, ligh t or dark drab 
in color, ringing under the hammer, compacted of impalpable and 
pure calcareous s i l t ,  and breaking with smooth conchoidal 
fracture. The rock in i ts  or ig ina l state was to a large extent 
thin layered, as may be seen from the irregular rectangular shape 
of many fragments. They also often show finest and close 
lamination lines picked out by weathering, but the laminae re­
main firm ly cemented together. These lines are apt to be un­
dulating, contorted or sharply flexed, or even concentric.
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This limestone resembles some of the layers of the Otis beds that 
bear Sp ir ifer  subumbonus. A theory of the formation of the 
breccia might possibly be framed which would admit the presence 
of fragments of the Otis limestone as c lastic  sediments in the 
breccia, despite the intervening Kenwood shales. But i t  is  
more probable that a lowering of the sea f lo o r  at the close of 
Kenwood times allowed again the deposition of the pure calcar­
eous s i l t .  I f  the fragments in  question were derived from the 
Otis, in  which Sp ir ifer  subumbonus is so abundant in  the Cedar 
Va lley , i t  seems hardly possible that among the many thousands 
of fragments of this type scanned, none should have been found 
fo s s i l i fe r o u s . The brown crysta lline limestone of the Otis is
also absent from the breccia. The thin layered, drab, non-mag- 
nesian, non-fossiliferous limestone which we believe was deposit­
ed upon the Kenwood, and whose fragments constitute the bulk of 
the breccia is  not found undisturbed in Linn county. I t  is 
identical with the thin layered, part ia lly  brecciated, un fossil-  
iferous limestone occupying this horizon, exposed along the 
Mississippi from Davenport to G i lv e r ts v i l le . To avoid repeti­
tion of descriptive terms, the limestone which forms the frag­
ments of the second stage may be called  the Lower Davenport type. 
Although the Lower Davenport beds have been wholly broken up so 
far as seen in  Linn county, large masses are occasionally found 
which themselves contain rectangular fragments of laminae of the 
Lower Davenport type, which s t i l l  remain approximately para lle l 
and horizontal though separated by a grey matrix.
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"In  this stage brown fragments of the upper Kenwood are 
also sometimes present.
"A third well defined stage is that in which large frag ­
ments, o ften  several fee t long, of heavily bedded, tough, grey, 
semicrystalline limestone predominate. These carry a d istinct 
fauna in  which Pentamerus comis, Owen, and Orthis macfarlanei, 
Meek, are the most common, and a large Gyroceras and Rhynchonella 
intermedia, Barris, the most characteristic fo s s i ls .  Other 
forms are Strophodonta nacrea, Hall, Proetus haldemani, Hall, 
and teeth of Ptychtodus calceolus, N. and W. This is the 
Gyroceras bed as defined by Galvin in Buchanan county, and is 
believed to be the equivalent of the foss il i fe rou s  beds at Daven­
port attributed by Barris to the Corniferous. The matrix resem­
bles usually the matrix and fragments of stage four, and frag­
ments of this upper stage are often found in te rs tra t i f ied  or in 
juxtaposition.
"A fourth stage is  defined by the absence or compara­
t ive  ra r ity  of fragments of the preceding stages. Matrix and 
fragments are composed of foss il i fe rou s  shaly limestone of the 
type of the ordinary foss il i fe rou s  shaly Cedar Valley limestone 
at Independence, Vinton, Davenport and many other lo ca l it ie s  
along the eastern outcrop of this formation. This stage em­
braces the S p ir ifer  pennatus beds and often the higher coral­
line beds as defined by Calvin in Buchanan County. Frequently 
i t  constitutes a true breccia, the fragments being of moderate 
size and t i l t e d  at a l l  angles. I t  is often, however, disturbed 
but not brecciated, much of i t  occupying its  or ig ina l horizontal
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Figure 22.
Contorted laminae in  breccia of 
Norton's second phase from below Robins, Iowa.
(Iowa Geol. Survey).
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position, with, here and there fractures and t i l t e d  blocks of large 
s ize . On natural sections where i t  has weathered to a slope 
covered with fragments, i t  is  extremely d i f f ic u l t  to determine 
the extent to which the beds have been disturbed. This stage 
includes several b io t ic  zones which w i l l  be considered elsewhere.
"The stages just defined are not parted by any fixed 
and constant horizontal boundaries. The forces producing the 
brecciation of these beds were su ff ic ien t ly  powerful to commingle 
the strata to a certain extent, and i t  is only in a broad way that 
the divisions suggested may be made. They have been found use­
fu l in the f i e ld  and can often be recognized at a glance.
"On account of its  passage upward into s ligh tly  brecciated 
or disturbed foss il i fe rou s  limestone of the ordinary Devonian types
« • . >  »* r
and on account of the fact that in the fourth stage brecciation 
is  not constant, i t  is  d i f f i c u l t  to map the area of the Fayette 
breccia. I t  may be said to extend from the northern to the 
southern lim its of the county. Its  eastern outcrops are between 
Central City and Paris, at Flemingville and. Marion. Its  western 
outcrops as the country rock are near Troy M ills, Lafayette and 
at Linn. West of these points, at A lice Post O ffice , Ward's 
quarry (Tp. 85 N., R. V I I I  W., sec. 24, Se. q r ., Nw. 1/4) and 
Toddville, we have the unbrecciated beds of the Cedar Valley lime­
stone which w i l l  be discriminated elsewhere by their fo s s i ls .
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"The following are a few representative sections out 
of many which may be taken within the area mentioned:
R. V II W
"Section on north road from Paris to Troy Mills (Tp. 86 H, 
, sec. 16.)
Feet.
4. Breccia of drab fragments (second stage)
s ligh tly  foss il i fe rou s  at top...............  14
3. Limestone, rough, brown; with angular
cavities resulting probably from dis­
solution of non-magnesian fragments;
sandy near base....... ................................. 12
2. Shale, Kenwood............................... ..............  13
1. Limestone, hard grey, O tis ........................  2
86C • 15,
"Section at Eidemiller quarry (Tp. 85 N,, R. VII W.,
Ww. q r . , Sw . 1/4)
Feet.
4. Limestone, disturbed foss il i fe rou s  beds
(fourth stage) ........................................... 4
3. Breccia of t i l t e d  blocks, some being
six feet long, of hard grey limestone, 
with abundant Pentamerus comis and 
with large Gyroceras (th ird  stage) 
passing into breccia of abundant drab
fragments (second s tage )........................  14
2. Breccia with abundant buff matrix............  2
1. Slope to flood p la in  of east branch of
Otter creek................................................  18
"The Kenwood beds are exposed near water leve l a short 
distance from this point on the opposite side of the creek,
"Hemphill’ s section on West Otter Creek (Tp. 8o N., 
R. VII W., sec. 18, Ne. q r . ) .
Feet.
3. Breccia, foss il i fe rou s  (fourth stage)
some layers horizontal, some t i l t e d  at 
a l l  angles, no small fragments of
Lower Davenport type present................. 6
2. Breccia, (second stage, Fayette type), 
composed mostly of fragments of Lower 
Davenport limestone, usually small, 
mostly an inch or so in diameter, 
rarely over six inches, many fine ly  
laminated and laminae sometimes flexed; 
matrix buff, small in amount, at the 
base some large fragments of soft 
bluish grey limestone, one to three 
feet long, and apparently l i t t l e  dis­
turbed................................... .............. . 23
1. Unexposed to water l e v e l ...........................  3 «
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In the preceding description, Norton notes the fact 
that the c las t ic  forces were at a maximum in  Linn County; that 
there is a gradational series and transition from almost, i f  not 
quite, unbroken strata to greatly shattered and disarranged 
layers; that the fo ss ils  in some of the fragments come from the 
limestones of the formation i t s e l f ;  and that the brecciation 
is not constant in the Upper Davenport members.
Again in the "Geology of Scott County", Norton1 gives 
considerable attention to the brecciation of the Lower Daven­
port in the following description:
"BRECCIATION OF THE LOWER DAVENPORT: For the most
part the Lower Davenport beds in  Scott county retain  the attitude 
in  which they were la id  as sediments on the sea f lo o r .  In 
Johnson, in  Linn and in  Buchanan counties these beds are so 
highly disturbed, so completely brecciated, that the evidences 
of the cause and nature of the process have been largely des­
troyed, and the orig in  of the breccia has remained one of the 
riddles of Iowa Geology. But in Scott county the disturbing 
forces were much less intense. They affected here but one ter- 
rane and that so s ligh tly  that much of i t  remained undisturbed, 
and the brecciated portion retains structures which o f fe r  valuable 
clues to the nature of the stresses to which i t  has been subject­
ed. The ea r l ies t  stage in  the process is seen where the thin 
calcareous plates of the formation have been s ligh tly  flexed.
The stress here was su ffic ien t only to crackle the b r i t t le  rock 
at right angles to its  planes of lamination, and the layers are
(1) Norton, W. H., Ninth Ann. Kept. Iowa Geol Survey, 
vo l. IX, 1898, pp. 444-447.
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Figure 23.
Lower Davenport beds, part ia lly  brecciated, 
showing large imbedded fragments, with characteristic 
lamination, flexed and broken. (Iowa Geol. Survey).
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now penetrated by a network of ca lc ite  veins of in f i l t r a t io n  from 
the narrowest v is ib le  to 2 or 3 mm. in diameter.
"An advanced step is frequent where, under a somewhat 
stronger stress, the rock has been broken into small angular 
fragments. These reta in  for the most part the plane of the 
layer to which they or ig ina lly  belonged, but by the disarrange­
ment of the fragments the upper and lower surfaces of the layers 
are made more or less uneven. That the rock is a true crush 
breccia and not one formed either out of scree or by the deposi­
tion in  water of angular detritus, is proven by the sharp and 
unworn edges and corners of the fragments and in  especial by the 
fact that often their sides are matched and l i e  in juxtaposition. 
The matrix here is very small in  amount and often d i f f i c u l t  to 
define. Many of the cracks are f i l l e d  with ca lc ite , and where 
the interspaces are considerable between the larger fragments, 
they are f i l l e d  with small partic les of the rock and a calcareous 
s i l t  of a s l igh t ly  d iffe ren t color.
"An interesting phase is where the thin laminae so 
characteristic of the formation have been separated and s ligh tly  
broken and now l ie  in  a matrix of d ifferen t color and texture, 
s t i l l  retaining largely their or ig ina l parallelism. Such, cer­
ta in ly , are not formed by the cementation of beach shingle.
No other theory for their formation is tenable than that of crush 
under la te ra l pressure.
"In the quarries in West Davenport il lustrations are 
found here and there of an advanced stage in the process where, 
under a severe stress, the fragments are wholly disarranged.
They reta in  the f l in t - l ik e  sharpness of their edges, and their
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interstices may be f i l l e d  with a fine greenish clay resembling 
that of the coal measure pockets which abound in the same 
quarries.
"On Rock Island the ledges of lower Davenport limestone 
show but s ligh t disturbance. Low anticlines and synclines are 
not infrequent, and in  several restr ic ted  areas, seldon more 
than a rod or so wide, the strata have yielded to horizontal 
thrust and are flexed , crumpled or completely shattered.
"On the Iowa side, opposite Rock Island, the same phe­
nomena may be seen, but not so c lear ly , since the ledges have 
in large measure been concealed or destroyed by the growth of the 
c ity  of Davenport. Here the strata are occasionally seen to 
l i e  in low arches from 20 to 100 feet long, under which, at water's 
edge, a brownish, softer limestone sometimes appears. This, in 
its  position  and appearance, resembles the Independence, and in 
the fact that i t  contains a few small angular fragments of the 
Lower Davenport type, as in the brecciated zone in Linn County.
I t  also reappears in  fragments of breccia. I t  seems best cor­
related, however, not with the Independence, but with a brown, 
ferruginous limestone, carrying similar drab fragments of Lower 
Davenport type found near the summit of the Lower Davenport beds 
at Duck Creek. In the hollows of some of the synclines the Lower 
Davenport is loca lly  brecciated as on Rock Island. In this region 
as at Fayette, Linn Junction, and other classic lo ca l i t ie s  of this 
brecciated horizon, i t  contains occasional s iliceous, e l l ip t i c a l  
nodules with curiously carious surfaces, and reaching 6 inches and 
more in diameter. These however, are not characteristic of the 
Lower Davenport, being found more numerous in the Independence."
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I t  is interesting to note that Norton again speaks of 
the gradational character of the brecciation and that he recogniz­
es the fundamental nature of the phenomenon when he spea.ks of i t  
as true crush brecciation. As w i l l  be more fu lly  explained la ter , 
i t  is probably a deformation breccia, though hardly a crush brec­
cia.
Calvin1, in  his report, on the "Geology of Buchanan 
County", accepts Norton's description and d iv is ion  of the Fayette 
breccia, but says nothing regarding the character of the forces 
that produced i t .  To i l lu s tra te  how he v e r i f ie s  Norton's work 
the following excerpt is taken from his report.
"FAYETTE BRECCIA: The widespread assemblage of brec-
ciated beets above the Independence shales constitutes the upper 
part of Norton's Wapsipinicon stage. Furthermore, the breccia, 
as defined by Norton, embraces a number of d istinct l i f e  zones, 
and even includes beds in which the characteristic brecciation is 
not very perfectly  developed. In some of the exposures there 
are layers of limestone, unbroken and apparently undisturbed, 
that l i e  in the midst of brecciated limestone made up of frag­
ments that, judging from the wide range of color and texture, 
were derived from a dozen or more d ifferen t beds.
"The breccia, in its  lower and more typical phase, is 
well exposed in  the bed of the r iv e r ,  below the bridge at Inde­
pendence. I t  is here composed of angular fragments of limestone, 
varying in  character, evidently the product of many d istinct
U
(1) Calvin, Samuel, Eighth Ann. Rept. Iowa Geol. Survey, 
v o l • V I I I ,  1897, pp. 224-228.
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layers, and a l l  cemented together by a calcareous matrix. The 
fragments range from small pieces with dimensions of a fraction 
of an inch up to masses a yard or more in  length and width and 
a foot in  thickness. There are fine-grained, dark drab frag­
ments which break with conchoidal fracture, and there are fine ly  
laminated, fragments of the same color. There are pieces of 
fine-gr3.inea, light-co lored , lithographic limestone, and coarser, 
dingy yellowish colored beds were also involved in  the general 
destructive process, whatever i t  may have been, that reduced a 
large number of limestone layers to the brecciated condition.
The fragments, large and small, of d ifferen t color and of d i f f e r ­
ent texture, are promiscuously tumbled and heaped together, some 
on edge and others at a l l  possible angles with the orig inal posi­
tion. Some of the blocks are fo s s i l i fe ro u s , but the greater 
number show no traces of l i f e .  The most common fo s s i l  in the 
layers exposed in the bed of the stream at Independence is 
Pentamerus (Gypidula) comis Owen, the species being represented 
in some of the constituent blocks of the breccia by occasional 
perfect shells and multitudes of detached valves. In the south 
bank of the r ive r ,  along the north side of section 10, Sumner 
township, the breccia is exposed, beginning near the leve l of the 
water and extending to the summit of the low b lu ffs . The under­
lying Independence shale crops out at the water le v e l ,  and this 
is followed by the phase of the breccia in  the r iver  bed at Inde­
pendence. Higher up in  the bank, above the phase referred to,
✓
Pentamerus comis is very abundant in the large fragments of lime­
stone that, at this horizon, make up nearly the entire deposit; 
and a large Gyroceras occurs in considerable numbers.
■ ------ ------ - ;  1 • -------------- ---------  --------  —
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Figure 24.
5 Fragment of Fayette breccia showing 
the complex brecciation and the parallelism  of 
fragments; from west of Linn, Iowa. (Iowa Geol. Survey).
Ill
Above the Gyroceras bed is a body of so ft , l igh t gray or nearly 
white limestone, not d is t in ctly  bedded, but very much shattered, 
and cut by joints that, intersecting at every possible angle,
»
divide the bed into a great number of shapeless fragments which 
s t i l l  reta in  their re la t ive  positions unchanged.
"In  this part of Iowa the shattered limestone above 
the Gyroceras horizon d if fe rs  very much from the true breccia 
below. Below the Gyroceras bed the fragments are of many d i f f e r ­
ent kinds, evidently displaced and promiscuously mingled; while 
above this bed the fragments into which the rock has been broken 
bear evidence of very l i t t l e  displacement. The phenomena of 
slickensides, ver estensively developed on the jo int walls, are 
indicative of tremendous crushing and shearing strains to which 
the rocks of this horizon have been subjected. At Troy M ills, 
in Linn county, and farther south, the beds at this same geo­
lo g ica l le v e l  were involved in the process that produced true 
breccia, and fo r  this reason Norton includes them in the brec- 
ciated zone and recognizes them as the fourth phase of the Fay­
ette sub-stage.* While not a true breccia in  the neighborhood 
of Independence, these beds pass into the brecciated condition 
in  the southern part of the county, and must be considered as a 
part of the Fayette d iv is ion  of the Wap3ipinicon stage. At the 
point under consideration, in section 10, Sumner township, this 
upper member of the Fayette formation is unfossiliferous at the 
base, but, without apparent change in  l i th o log ica l characters, i t  
passes up into beds that are exceedingly rich in a great variety
* Geol. of Linn County. By W. H. Norton. Iowa Geol.
Surv., vo1. IV, p, 161. Bes Moines, 1895.
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0f  fo s s i l  forms. The foss ii i fe rou s  zone furnishes a very fine 
ribbed Atrypa r e t ic u la r is » robust forms of Atrypa aspera var. 
occidentalis, and large, typical individuals of Sp ir ifer  pennatus. 
S p ir i fe r  bimesialis is the only other sp ir i fe r .  Pentamerus 
comis occurs, but is rare when these beds are compared with the 
Gyroceras horizon. Equally rare is Cyrtina hamiltonensis, which 
here assumes the true Hamilton type as seen in the Hamilton shales 
of western New York and western Ontario. Even more rare are 
Heliophyllum h a ll i  and an Astraeaspongia related to A. hamiltonen- 
sis Meek and Worthsn. Orthis macfarlanei is rare, but more com­
mon than the two species last named. Naming this l i f e  zone from 
its  typical fo s s i l  i t  has been called the Sp ir ifer  pennatus beds.
To recapitu late, a section of the Fayette breccia includes the 
follow ing.
Feet.
"4. Sp ir ifer  pennatus beds, composed of so ft ,
l igh t gray limestone, intersected by numerous 
join ts that cut the formation at every possible 
angle and divide i t  into re la t ive ly  small, shape­
less blocks. The most conspicuous fo ss ils  are 
S p ir ife r  pennatus Owen, S p ir ifer  bimesialis Hall,
Atrypa re t icu lar is  Linn., Atrypa aspera var. 
occidentalis Hall var. Pentamerus comis Owen,
Orthis macfarlanei Meek, Orthis iowensis Hall,
Products11a alata Hall, Stropheodonia demissa
Con.................................................................................  8 to 12
5. Barren beds, similar in  l i th o log ica l char­
acters and physical condition to the S. pen­
natus beds, but destitute of fo s s i ls ,  or near­
ly so ................................... .................................. io to 15
2. Gyroceras beds, composed of rather large but 
displaced and tumbled fragments of a coarse 
grayish or yellowish limestone, though there 
are occasional small areas in w ich the beds 
show no signs of disturbance. Principal foss ils  
two species of unnamed Gyroceras and Pentam­
erus comis Owen. The last is exceedingly a- 
bundant in some blocks, but it  is generally 
represented by separated v a l v e s . . . . .................... 15 to 20
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Feet.
1. The true brecciated beds, composed in  the 
main of small, angular fragments, mostly un- 
fo ss il i fe rou s , many of the fragments f in e ­
grained and dard drab in  c o lo r - ..........................  15 to 20
"The principal exposures of the breccia, besides those 
already mentioned, are found along the valley of the r iver  be­
tween Independence and the south line of the county. In the 
northwest quarter of section 14, Sumner township, Nos. 1 and 2 
are both well exposed. In  some ravines in  the southwest quarter 
of 24 and northwest of 25 in the same township, the weathered 
edges of a l l  the beds from the base of No. 1 to the top of No. 4, 
are seen at various points in the rather gently sloping and part­
ly  sodded h i l ls id e s .  At Pine creek m ill and in the h i l ls  west 
of the m ill the S p ir ife r  pennatus beds are well developed, the 
stone being somewhat harder than at Independence; and one of the 
most extensive exposures, including beds 1, 2, and 3, is  seen in 
the r iver  bed below the m ill dam at Quasqueton.
"The higher phases of the breccia, including beds 3 and 
4, are found in  a l l  the quarries about Independence, These beds 
furnish nearly a l l  of the quarry stone of loca l o r ig in  used in 
Independence and the country surrounding i t .  The quarries and 
natural outcrops are too numerous to be mentioned separately, 
but the constancy of the l ith o lo g ica l and other characters of the 
beds fortunately makes separate description unnecessary,"
Savage} too, who reported on the "Geology of Fayette 
County", apparently considered Norton's description quite accurate, 
as the following extract indicates.
(1) Savage, T. £ ., Fifteenth Ann. Rept. Iowa Geol. Survey, 
vo1, XV, 1904, pp. 507-508.
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"The rock is homogeneous, and fine-grained in  texture.
In  some places i t  has been more or less brecciated as appears in 
the fact that there are occasional areas in  which groups of close­
ly crowded, delicate laminae, which are usually para lle l with the 
planes of bedding, l ie  at various angles with respect to one an­
other and to the larger planes of s t ra t i f ic a t io n .  In other 
places the fine lines of lamination are gently undulating or 
s l igh t ly  faulted. Numerous thin veins of ca lc ite  indicate the 
pos ition  of the orig ina l lines of fracture. Aside from such 
ca lc ite  veins there appears no other cementing material. The 
upper portion of this bed shows s ligh t flexures, the arches of 
the folds having, in some places, a height of one to one and 
one-half fe e t .  The material appears to have been of a slaty 
color before i t  was acted upon by the atmosphere. Upon weather­
ing i t  is changed to a yellow color, and breaks along the lamina­
tion planes into characteristic thin, f i s s i l e  b its . The mater­
ia ls  of this member are less resistant than those of the overly­
ing Lower Davenport breccia, number 2 of the section, as appears 
in the re la t ive  amount of the fragments of each member in the 
talus heap at the foot of the ledge. This is also indicated by 
the fact that the rock of the f i r s t  member has crumbled down to 
such an extent as to leave a shelf of the materials of number 2 
projecting beyond the lower member for a distance of one and 
one-half fe e t .
"The l i th o log ica l characters and general appearance of 
the material of this basal member of the Devonian limestone in 
Fayette county, number 1 of the last section, would a l ly  i t  very
Figure 25.
View in  c ity  quarry at Independence, Iowa, 
showing e f fe c t  of crushing in the Sp ir ifer  pennatus 
beds, upper part of the brecciated zone.
(Iowa Geol. Survey).
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closely with the Otis beds as described by Norton.* Because 
of the thinness of the formation in our area, and on account of 
the fact that i t  presents .occasional brecciated masses this 
member w i l l  be included as the basal portion of the Fayette
4
breccia.
" * Norton: Iowa Geol. Surv., vo l. IV, p. 138, et seq.1894?
He also states that the breccia fades out at the north­
west corner of the county.
Savage, however, believes that Norton's explanation to 
account for the formation o f the Fayette breccia is quite in­
adequate to sa tis fy  a l l  the conditions, and i t  is at his instance 
that the present summary of the litera ture  upon the subject is  
made and a detailed discussion o-f the whole matter is taken up.
0  - ' • ‘ r
PROBLEMS. OF ORIGIN AND FORMATION.
The solution of the problem of the Fayette Breccia 
involves the explanation of the causes of the fracturing and the 
shattering of the rocks, and the displacement of the fragments, 
and also of the character and orig in  of the matrix. Each of 
these portions of the problem has caused no small amount of dis­
cussion and controversy.
The narrow belt of the Fayette formation exposures 
suggests a talus breccia, formed along the shore of a sea, of 
which the sea c l i t f  was of limestone rock. This suggestion, 
however, is not borne out by the character of the fragments nor 
by the character of the brecciation. In order that the sharp-
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ness of angles of the fragments should be preserved, such a 
breccia must have been formed in  deep water beyond the depth-of 
the action of waves, and currents. This would hardly have been 
possible on a limestone shore because the limestone is too easily  
worn down to permit such a steep shore line as the theory pre­
supposes. Moreover, the fragments are of the same age as the 
formation in  which they are found, as indicated by the few foss ils  
they contain, and consequently they could not have come from the 
breaking down of an older rock formation.
Positive evidence against this theory is  also found 
in the gradual transition described by Calvin, Norton, and Savage, 
from simply fractured rocks in  which the fragments are large and 
barely displaced, to others in  which the rocks are profoundly 
shattered and both the small and large fragments promiscuously 
intermingled and extensively displaced.
The fracturing, shattering, and displacement, seem to 
be due to deformational forces as Norton was inclined to believe. 
Of these forces, folding seems the most l ik e ly  to have been re­
sponsible, and consequently the Fayette breccia probably belongs 
to the class of fo ld  deformational breccias. This view is sup­
ported by the evidence offered by the character of the breccia- 
tion and by the extent of the area over which i t  is found. The 
gradual transition from s ligh t ly  fractured to profoundly shat­
tered and commingled strata ?/ould be conclusive evidence of its  
deformational orig in  i f  the breccia were everywhere a like , and 
thus always presented the sarre general characters. However 
such is not the case. In some lo ca l i t ie s  small, or large,
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Figure 26.
Small fo ld  in  the upper part of the 
brecciated zone showing the e f fe c t  of crushing; 
near Brandon, Iowa. (Iowa Geol. Survey).
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iense-like bodies of brecciated limestone are found with apparent­
ly undisturbed beds immediately above and below them. These 
loca lized  brecciation areas can hardly be explained by folding 
of the underlying strata. I t  is not beyond the range of possi- 
o i l i t y  that during the induration of these limestone deposits, 
before a l l  the portions had become r ig id , la tera l strains 
developed within the indurating strata, fractured and broke the 
more r ig id  portions, the fractures, so reliev ing the stresses 
that no further displacement occurred.
The argument has been advanced further, that the fo ld ­
ing exhibited by the rocks of the region is too s ligh t to have 
been responsible for  such extensive and profound fracture. Such 
argument seems very strong. No. tests or detailed study have been 
made to ascertain just what e ffec ts  such slight folding might 
produce on limestone strata of d ifferen t hardnesses.
Whatever the ultimate solution of this portion of the 
proolem may be, the fact remains that the Fayette breccia is an 
intrafornational breccia, of which the fragments are the same age 
as the formation, and that most, though not a l l ,  of the fractur­
ing has been produced in the process of s ligh t fo ld ing.
The second portion of the problem, the explanation of 
the character of the matrix, is likewise d i f f ic u lt  of solution, 
and o ffers  several varied phenomena for consideration. In some 
parts of the brecciated zone, usually in  the lower portion and 
in  the portions where the fracture has not been profound or not 
accompanied by extensive displacement, the cementing material 
is c rys ta ll ized  ca lc ite , as has been noticed in several members
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of the Oady quarry section. In other parts the matrix is ap­
parently of the same kind of limestone as the fragments, showing 
lamination or flow planes, and composed of almost pure limestone. 
In s t i l l  other extensive parts, the matrix is an argillaceous, 
or at time siliceous material, almost as hard as the fragments 
and scarcely distinguishable from them except in weathered speci­
mens, in which i t  appears softer and more argillaceous.
The ca lc ite  cement in  the deeper and less fractured 
portions was doubtlessly derived from percolating water carrying 
the calcium carbonate in solution and from which i t  was prec ip i­
tated in the fissures.
In those portions in  which the cement is of the same 
character as the fragments either one of two explanations seems 
possible. The f i r s t  is that during the induration of the strata, 
before a l l  the portions had become b r i t t le ,  the rocks were ex­
posed to deformational forces which fractured the r ig id  portions, 
and f i l l e d  the resulting crevices or fissures with materials 
from the more unconsolidated portion. The second is that the 
fracturing took place under water, while the strata were s t i l l  
in process of deposition and that the matrix is a rather pure 
limestone sediment which was washed into the fissures.
The portions in  which the matrix is argillaceous or 
s iliceous, or both, seem to point to the conditions consistent 
with the second explanation suggested in the preceding paragraph. 
In these, the sediments washed into the cracks of the fractured 
strata were not such pure limestone and consequently do not show 
the same sim ilar ity  to the fragments as in the preceding case.
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The problems presented by the Fayette breccia require 
more careful and detailed study, before they can be conclusively 
solved. The entire formation must be thoroughly studied in  the 
f i e ld ,  and examined for every b it  of evidence that might throw 
ligh t upon the method of formation.
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